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INTRODUCTION 
 Artificial insemination is the first generation biotechnological advancement that has made a 
profound contribution to the genetic improvement, particularly in dairy bulls through which a single 
ejaculate from male is used to impregnate many females. This impact could not have been possible 
without long standing freezing of bull semen. The principle of cryopreservation is a state of 
suspended animation, which regains its capability of fertilization after processing that further, adds 
an advantageous role in adopting the technology. Long term storage facilitates semen transport over 
distances and enables extended use of superior germplasm, even after the sire’s death.  This has 
attained a status of industry especially for the dairy animals due to wide use of frozen semen, but as 
yet semen cryopreservation could not attain status of reality because of the fact that following 
freezing and thawing a large number of sperms are rendered incapable to fertilize the ovum. 
Various steps of cryopreservation such as processing, freezing and thawing exert physiological as 
well as chemical stress on the sperm membrane (Chatterjee et al., 2001), associated with an 
oxidative stress induced by free radical (Salvader et al.,2006). Sperm cells have a high content of 
unsaturated fatty acids in their membrane but lack in a significant cytoplasmic component 
containing antioxidants. Hence, they are highly susceptible to lipid peroxidation by oxygen free 
radicals and H2O2 (Sinha et al., 1996). So, a variety of additives  like anti-oxidants, membrane 
stabilizers, motility enhancers and chelating agents have been used to protect spermatozoa from 
deleterious effects of cryopreservation and for improving freezability and fertility of bull semen. 
 Oxidative damage to sperm resulting from reactive oxygen species, generated by the cellular 
components of semen during liquid storage, is possibly one of the main causes for the decline in 
motility and fertility during storage, while the other detrimental cause is low temperature on the 
destabilization of sperm membrane structure (Mustafa and Necmettin, 2007). At present, it is 
generally accepted that the consequences of sperm cryo-injury caused by the cryopreservation 
procedure are impaired transport and poor survival in the female reproductive tract (Salamon and 
Maxwell, 1995).  
 The major disadvantage of cryopreservation is death of the half of the sperm population 
during freezing and thawing procedure even if most adoptive preservation technique is followed. In 
addition to it, changes in temperature impart changes on the composition and structure of sperm 
plasma membrane integrity by adversely modifying their function (Krogenaes et al., 1994). 
  Spermatozoa are the terminal cell following a complex developmental process. The 
semen evaluation is an ideal method to judge indirectly, the reproductive efficiency of a bull. 
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 Routine semen analysis is an important criterion to assess fertility of a bull. Various seminal 
attributes like volume, mass activity, individual motility, sperm concentration and sperm 
abnormalities can be assessed with minimum infrastructural facilities both in chilled and frozen 
semen. Each of these parameters has direct or indirect bearing potency of a breeding bull. A 
minimum standard for each aspect of semen evaluation has to be followed for successful breeding. 
So semen evaluation is the basic need for andrological investigation of breeding bulls. Normal 
sperm counts and other variables measured in routine semen analysis, do not comprehensively 
ensure fertility. Other factors, not measured in routine semen analysis, such as cytokines and 
reactive oxygen species have been related to infertility (Iwasaki and Gagnon, 1992; Huszar and 
Vigue, 1994 and Sharma and Agarwal, 1994).    
 The present study aims at improving the post thaw recovery of spermatozoa after freeze 
thaw cycle, consequent to addition of cysteine hydrochloride and reduced glutathione to the 
conventional extender (EYTG) to minimize the risk factors involved in ultra low freezing process. 
Hydrogen peroxide is the product of oxidative de-amination of aromatic amino acids. It 
accumulates in appreciable quantity in semen sample. This is detrimental to sperm survival and that 
can be neutralized by addition of anti-oxidants. Besides this, the implication of such application will 
be assessed on the basis of resultant conception rate from fertility trial. In the light of above facts, 
the experiment was designed with the objectives of to study the effect of Cysteine hydrochloride 
and reduced glutathione on seminal attributes during the process of freezing and thawing in good 
freezable and poor freezable bull semen, to evaluate sperm membrane integrity and viability of 
sperm before and after cryopreservation by computer assisted semen analysis, to undertake certain 
in vitro tests like HOST and CMPT of semen after addition of semen additives in cryopreserved 
semen and to analyze the effect of additives in good freezable and poor freezable bull semen on the 
basis of conception rate following field fertility trials. 
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In the light of above facts, the experiment was designed with following objectives.  
 To study the effect of Cysteine and Glutathione on seminal attributes during 
the process of freezing and thawing in good freezable and poor freezable bull 
semen. 
 To evaluate sperm membrane integrity and viability of sperm before and after 
cryopreservation by computer assisted semen analysis.  
 To undertake certain in vitro tests like HOST and CMPT of semen after 
addition of semen additives in cryopreserved semen.  
 To analyze the effect of additives in good freezable and poor freezable bull 
semen on the basis of conception rate   following field fertility trials. 
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REVIEW OF LITERATURE 
             Improving the quality of frozen semen, minimizing the post thaw discard rate and 
increasing conception rate have been tried by several workers by using different additives like 
enzymes, proteins, amino acids, anti-oxidants, carbohydrates, hormones, vitamins etc. The present 
experiment dealt with addition of cysteine and glutathione to the normal EYTG semen extender. 
Relevant literature and corroborate reports from India and abroad have been reviewed.  
ROUTINE SEMEN EVALUATION  
Volume   
 It is inferred that an increase or decrease in volume of semen is not usually correlated with 
fertility or sterility in a male unless ejaculation fails to occur (Roberts, 1971).  
 The ejaculated volume significantly increased with age (Abdel-Raouf, 1965; Colchen-- 
Bourlaoud, 1972 and Rao and Rao, 1979) and the same was increased linearly with age along with 
motile spermatozoa and sperm concentration, which was correlated with total sperm count 
(Almquist and Cunningham, 1967; Colchen-Bourlaoud and Thibier, 1973). A correlation between 
total no. of sperm and semen volume was also reported by Nishiyama et al. (1968a).  
 The over all mean seminal volume(ml), mass activity (0-4), individual motility (%), live 
sperm (%), sperm concentration (million/ml), normal sperm (%) and conception rate (%) are 2.42 ± 
0.22, 2.77 ±  0.09, 57.48 ± 1.83, 86.51 ± 0.81, 1316 ± 44, 87.30 ± 1.64 and 35.53 ± 2.16 
respectively in Crossbred Jersey bulls (Bedi et al.,1984). 
 The average volume for 62.5% JY bulls was significantly higher than other genetic groups 
except 75% HF bulls (Sagdeo et al., 1990). 
 The mean ejaculated volume (double thrust) recorded in Gir bulls (7.03 ± 0.44 ml) did not 
differ significantly from that in Jaffarabady bulls (6.36 ± 0.33ml) as reported by Raina and Dhami 
(2004). 
 Volume of Friesian Gir cross bred (5.278 ± 0.056) was significantly higher than JY Friesian 
cross bred (4.473 ± 0.083) as reported by Bhoite et al., (2008).  
 Volume (ml), colour, concentration (x106/ml), mass activity, motility (%), normal acrosome, 
mid-piece, tail (%) and normal head (%) were 4.5 ± 0.4, 3.5 ± 0.3, 1410.0 ± 70.0, 3.8 ± 0.3, 77.5 ± 
1.5, 93.5 ± 0.5 and 93.5 ± 1.0 respectively in fresh semen of HF Crossbred  bull (Munsi et al.,2007) 
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 Ejaculate volume (ml), sperm  motility (%), concentration (X106/ml), total abnormality (%), 
total viability, HOST and pH  were 5.03 ± 0.2, 83.5 ± 2.4, 1480.0 ± 70.0, 5.40 ± 0.6, 82.30 ±2.8, 
83.80 ± 3.3 and 6.59± 0.0 respectively in fresh semen of bull (Uysal et al.,2007). 
Colour 
 The colour of semen was reported to be dependent upon the sperm concentration of the 
ejaculate (Tripathy and Prabhu, 1968 and ZemJanis, 1970). 
 The normal colour of bull semen is milky white or light yellow (Roberts, 1971). However, 
ZemJanis (1970) mentioned the colour of semen and consistency as creamy,  milky-opaque, 
opalescent and watery with densities 3, 2, 1 and 0, containing more than 10,00,000; more than 
5,00,000-10,00,000; 2,00,000-5,00,000 and less than 2,00,000 spermatozoa per mm3 of  semen  
respectively.  
 It has been suggested that semen samples with abnormal colour and consistency should be 
examined for determining actual concentration of spermatozoa, as reduced concentration leads to 
low fertility (Roberts, 1971).  
 Ejaculates of reddish, brownish and blackish colour could be due to bleeding of capillaries 
on the surface of the glans, bleeding into seminal vesicle and tumour respectively (Bhosrekar, 
1990).  
 The over all mean colour pattern of semen in two and three based crosses were 85.55 
percent (creamy), 2.88 percent (yellow) and 11.57 percent (white).These results inferred that in all 
cross bred bulls  the creamy colour of semen was dominant followed by white and yellow (Bhoite et 
al., 2008). 
Mass Activity 
 Mass activity is evaluated as a routine test carried out to assess semen quality done 
immediately after collection. Wave motion is the out come of oriented sperm cell movement, which 
come into phases and it can be observed only in high density specimens such as ram or bull semen, 
but hardly in man, rabbit or other animals, whose semen is less dense (Mann and Lutwak-Mann, 
1981). 
 Motility below 50% was often associated with low conception rates and poor fertility (Blom, 
1950). The initial motility was more closely related with semen characteristics and fertility (Bishop 
et al., 1954 and Erb et al., 1956). 
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 Gross motility of spermatozoa reflects the combined effect of sperm cell concentration and 
the viability of sperm cells (ZemJanis, 1970). Mass activity is most subjective test and can vary 
from individual to individual (Bhosrekar, 1990).  
 Average mass activity of Pure JY, 75% JY, 62.5% JY,50% JY, 75%HF and 62.5% HF was 
3.04 ± 0.03, 2.07 ± 0.12, 2.30 ± 0.15, 1.93 ± 0.06, 1.77 ± 0.19 and 2.27 ±0.08 respectively and  50% 
and 75% JY bulls have showed similar values. Jersey and HF bulls of 62.5% blood are also similar 
in this respect but were slightly superior to 75% HF bulls (Sagdeo et al., 1990). 
 The mean mass activity score and percent individual sperm motility were significantly 
higher (p<0.05) in Gir bulls (3.33 ± 0.11 and 7.50 ± 0.89) than Jaffarabady buffalo semen (2.80 
±0.06 and 66.75 ±1.04) as reported by Raina and Dhami (2004). 
Individual Motility  
  Bovine semen should contain a minimum of 40 to 50% motile sperm, as low motility was 
associated with infertility (Blom, 1950). While, Branton et al., (1951) opined a minimum initial 
sperm motility of 70% required for efficient breeding policy. Although the motility of fertile bulls 
was higher than infertile bulls, the decrease in motility did not parallel to the decrease in fertility 
(Rollinson, 1951).  
 Blom (1950) and Bishop et al. (1954) reported that the initial motility has a positive co-
relation with sperm concentration and fertility, where as Lasley (1951) found a highly significant 
co-relation among percentage of live motile and progressively motile spermatozoa in fresh semen.  
 Abdel–Raouf (1965) and Almquist and Cunnigham (1967) found an increase in percentage 
of motile spermatozoa with advancement of age. However, the effect of season on initial motility 
was demonstrated by Tripathy and Prabhu (1968), who could not found significant effect of season. 
But Dojcseva et al. (1979) reported significant decrease in motile sperm. 
 The average motility of pure bred and cross bred bull was 82.84 ± 0.77 and 75.26 ± 2.57 % 
respectively. Live sperm and sperm concentration (millions/ml) were 84.37 ± 0.81, 73.63 ± 2.5%, 
1003.92 ± 50.79 and 1176.31± 16.13 respectively (Barik et al., 1987). 
 The initial motility of Pure JY, 75% JY, 62.5% JY, 62.5% HF and 75% HF were  72.14 ± 
0.65%, 47.50 ± 4.62%, 52.07 ± 1.77%, 46.69 ± 2.23% and 30.24 ± 2.24% respectively (Sagdeo et 
al., 1990).  
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 Satisfactory bulls have the scrotal circumference, motility (%), concentration of sperm 
(X106/ml) and live sperm % were 34.56 ± 2.85 ,82.09 ± 2.15, 1220.83 ± 99.26, 87.27 ± 2.42 and 
corresponding value for  unsatisfactory  bulls were 27.75 ± 1.85,58.83± 20.18, 831.48 ± 1.85 and 
65.76 ± 21.80 respectively (Rao and Rao,1979). 
 Mean value for initial and pre-freeze motility were significantly higher (p< 0.05) in cattle 
(81.67 ±1.28 and 72.87 ±1.47) than in buffalo (76.94 ±1.81 % and 67.76 ±2.03%). Semen post thaw 
motility also did not vary between them (45.23 ±1.71 Vs 44.49 ±1.99 %) as reported by Dhami et 
al. (1991). 
 The initial motility in 75% cross bred bull was 67.77% (Chauhan et al., 1993). Good initial 
motility alone is not an accurate indicator of fertility in bulls (Swanson and Herman, 1994) 
 The velocity of sperm is an indirect measure of the force of movement. Penetration of 
cumulous oophorus does not depend upon the degree of progressiveness of movement but it does 
require reasonable velocity. A small reduction in velocity may affect sperm penetration of zona 
pellucida (Olds – Clarke, 1996).  
 Baumber et al. (2000) had reported that sperm motility may be a more sensitive indicator of 
oxidative stress and is therefore inhibited before any measurable increase in lipid peroxidation and 
the sperm motility may be affected by ROS through a mechanism of action separate to that of lipid 
peroxidation. In somatic cell systems, it has been proposed that H2O2 causes perturbations in 
important biochemical functions, including increased formation of oxidized intracellular sulfa-
hydryls, rapid decrease in ATP levels, and a consequent depression of glycolytic flux. 
Sperm Concentration 
 Lagerlof (1934) reported that the sperm concentration in fertile bulls varied from 30 x 106 to 
200 x 106 per mm3.  
 Haq (1949) found that spermatozoan density remained within normal limits in many bulls 
with testicular degeneration. However, in infertile or sterile bulls, there was a rapid decline on 
sperm concentration among first, second and third ejaculates indicting a poor reserve with reduced 
sperm production (Rollinson, 1951).  
 Branton et al. (1951) reported that sperm concentration of at least 900 million per mm3 is 
required for efficient breeding.  
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 A proportionate increase in sperm concentration with advancement of age was reported by 
Colchen – Bourlaud and Thibier (1972) and Rao and Rao (1979). On contrary, Schluter (1975) 
observed no significant effect of age on sperm concentration.  
 Nishiyama et al. (1968a) found a co-relation between sperm concentration and 
environmental temperature. Similarly Porwel et al. (1977) reported highly significant effect of 
season, while Dojcseva et al. (1979) described a decrease in sperm concentration during winter 
season.  
 Sperm concentration per ml is one of the most important traits of semen quality for 
acceptance in frozen semen production. The average sperm concentration in Gir and Jaffarabady 
bull semen was 2608 ± 53 and 1384 ±40 millions/ml, respectively (Raina and Dhami, 2004). 
Live Spermatozoa Count 
 A different staining method for differentiating live and dead bull spermatozoa was proposed 
by Blom (1950) using eosin as the sperm staining substance and nigrosin as the background stain. 
This mixture gave a very uniform preparation with stained (dead) cells clearly distinguishable from 
the live or unstained cells. The nigrosin provides a smoother background stain than fast green, opal 
blue, or aniline blue. It seems to obscure the sperm less and mixes with seminal plasma or diluter 
more uniformly. For this reason it can be used as easily with egg-yolk diluted -semen as with semen 
not mixed with egg yolk. 
 The proper staining of dead sperm was found by Mayer et al. (1951) to be dependant upon 
careful control of pH, osmotic pressure, stain concentration and ionizable salts. 
 Bishop et al. (1954) described that variation in the metabolic activity of the semen cause 
variation in concentration of live spermatozoa and incidence of dead spermatozoa.  
 The proportions of live and dead spermatozoa are varying between ejaculates and bulls. 
Madden et al. (1947) observed that the fertility decline when the live sperm count was below 50%. 
Moreover, semen with 30% of dead spermatozoa reduced fertility in cattle (Bonnadonna and Kann, 
1955). 
 Colchen–Bourlaoud and Thibier (1973) observed that percentage of dead spermatozoa 
decreased with increase in age. Mohanty (1981) observed that increase in dead spermatozoa 
with advancement of age was attributed to impairment of epididymal function.  
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 The proportion of dead cells was 18% in the fresh semen and increased to 46% after 
freezing-thawing (Chen et al., 1989). 
 The mean percentages of live and dead sperms found in fresh semen of Gir bulls were 71.85 
± 1.49 and 22.50 ± 1.40, respectively and the corresponding values in Jaffarabady buffalo bulls 
were 77.90 ± 2.08 and 22.30 ± 1.57. The mean live sperm percentage differed significantly between 
them (Raina and Dhami, 2004). 
 Overall mean value of semen volume (ml), concentration (X 106/ml) ,mass activity (0-5), 
initial motility (%), live spermatozoa (%), tail abnormality(%), mid piece abnormality (%), 
abnormal tail(%) and total abnormal sperm (%) were 3.15 ± 0.13, 1335.25 ± 51.00, 2.66 ± 0.007, 
52.7 ± 1.31, 70.40 ± 3.91, 4.50± 1.37, 6.80 ± 1.82, 7.10 ± 1.26 and 18.40 ± 3.03 respectively in 
Sahiwal bulls (Mandal et al.,2005). 
 Mathur et al. (1991) who recorded the abnormality in semen of crossbred bull was 12.16%. 
Singh et al. (1997) recorded overall sperm abnormality was 2.03% to 3.90% in crossbred semen. 
 Live spermatozoa (%) observed in IBFG (78.58 ± 0.288) was significantly higher than IFG 
(76.59 ± 0.14) and IJFG (73.84 ± 0.29) genetic groups. The live spermatozoa was highest in CB 
bulls having 50 % Brown Swiss inheritance following Friesian and Jersey crosses (Bhoite et al., 
2008) 
Diluent with Cysteine Hydrochloride  
 Jonson et al. (1954) did not found any difference in livability of spermatozoa between 
samples treated with cysteine at the rate of 1mg per ml and controlled samples. Again, a similar 
result was obtained by addition of Glutathione. In another study they reported an increase in 
motility of spermatozoa in a heated skim milk containing cysteine hydrochloride. 
 Thiol compounds such as cysteine are precursors of intracellular Glutathione biosynthesis. 
Cysteine protects the sperm cells from toxic oxygen metabolites causing lipid peroxidation of the 
sperm plasma membrane under in-vitro condition (Meister and Tate, 1976).  
 Low molecular weight thiol compounds, such as cysteamine and p-mercaptoethanol reduce 
cysteine to cystine, promoting cysteine uptake in the cells and hence enhancing GSH synthesis 
(Bannai, 1984). 
 It is well known that GSH plays a critical role in protecting mammalian cells from oxidative 
damages. GSH synthesis is highly dependent on the availability of cysteine in the medium. This 
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amino acid is very unstable in the extra cellular environment because it is rapidly oxidized to 
cystine. It is likely that the lack of cysteine in the medium, due to autoxidation to cystine, impairs 
GSH synthesis in vitro (Sagara et al., 1993). 
 Bilodeau et al. (2001) reported that the thiols such as glutathione and cysteine prevented the 
loss of sperm motility in frozen-thawed bull semen. Cysteine is a low molecular weight amino acid 
containing thiol and it is a precursor of intracellular glutathione biosynthesis, and increases the GSH 
level. 
 Post thaw sperm motility(%), dead sperm (%), abnormal acrosome (%) and HOS test 
revealed that Cysteine (5 mM) had more protective effect than taurine (25 mM) and Trehalose (50 
mM) as additives in freezing of Sannen goat semen (Bucak and Uysal,2006). 
 Szcesniak-Fabianczk et al. (2006) reported that a semen extender with cysteine improved 
the viability, chromatin structure and membrane integrity of boar semen cells during liquid 
preservation. 
 It has been reported that the leakage of both AST and ALT enzymes was reduced by 
inclusion of EDTA and cysteine hydrochloride in the both the diluents as compared to control (EYC 
and TEYFC) extenders. It can be inferred that inclusion of cysteine hydrochloride and EDTA 
improves the keeping quality of buck semen (Singh et al., 2007). 
 Uysal et al. (2007) reported that many aspects of sperm protection like sperm motility, 
viability and membrane stabilization of sperm cells during relative cryopreservation are of prime 
importance. The antioxidants GSH (5mM) and Cysteine (5mM) provide a near optimal 
concentration for improved bovine sperm survival during the freezing –thawing process. 
 Post thaw sperm  motility (%), post thaw total abnormality (%),  post thaw acrosomal 
damage (%), HOST (%) and total viability  (fluorescent staining) were 71.03 ± 3.1, 10.8 ±1.0, 8.9 ± 
0.8, 79.3 ± 3.7 and  42.3±2.5;  44.0 ± 3.1 ,11.0 ±1.5, 9.1 ±1.1, 51.3 ± 3.3 and 66.5 ±2.5; 53.0 ± 3.2 
,17.8 ±0.9, 10.0 ±1.3, 59.2 ± 3.4 and 56.0.±3.0 respectively for glutathione (5 mM), cysteine (5 
mM) and control in frozen semen of bull (Uysal et al., 2007). 
 Uysal and Bucak, (2007) reported that many aspects of sperm protection like sperm motility, 
viability and membrane stabilization of sperm cells during relative cryopreservation are of prime 
importance. The antioxidants GSSG (5mM), BSA (20mg/ml), Cysteine (10mm) and Lycopene 
(800mcg/ml) provide a near optimal concentration for improved bovine sperm survival during the 
freezing –thawing process. 
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 The sperm motility, viability and intact acrosome percent were significantly higher at all 
stages of refrigeration and preservation of triple cross breed bulls semen in the presence of EDTA 
(0.1%) and Cysteine HCL (0.1%) suggesting that any one of the two additives can be routinely 
added in the semen extenders with the beneficial results to sustain acceptable sperm quality for 3-4 
days at 5oC temperature (Raval et al., 2007). 
Diluents with reduced Glutathione 
 The excessive generation of reactive oxygen species (ROS) by abnormal spermatozoa and 
by contaminating leukocytes has been identified as one of the few defined etiologies for male 
infertility. Glutathione plays a significant role in the antioxidant defences of the spermatogenic 
epithelium, the epididymis, and perhaps in ejaculated spermatozoa. The use of antioxidants in-vitro 
appears to be of value in preserving fertilizing capacity. Glutathione administered in- vivo to 
patients who may have infertility, secondary to excessive oxidative stress, appears to act at the 
epididymis and during spermatogenesis; to improve the function of ejaculated spermatozoa (Irvine, 
1996).  
 Levels of reduced glutathione were also significantly decreased in oligospermic and 
azoospermic group and the reduction in azoospermic group (76.73%) was more pronounced than 
oligozoospermic group (62.07%). The decrease in reduced glutathione, an endogenous antioxidant, 
in azoospermic and oligozoospermic conditions may cause disruption in the membrane integrity of 
spermatozoa as a consequence of increased oxidative stress (Bhardwaj et al., 2000). 
 The addition of glutathione (GSH, 1.5 mM) had an intermediate effect in preserving sperm 
motility at the end of the 30-minute incubation (53% ± 3%). The decrease in sperm motility 
associated with ROS occurs in the absence of any detectable decrease in viability, acrosomal 
integrity and mitochondrial membrane potential or of any detectable increase in lipid peroxidation 
(Baumber et al., 2000). 
 Chatterjee et al. (2001) reported that Cryopreservation induces extensive biophysical and 
biochemical changes in the membrane of spermatozoa that ultimately decrease the fertility potential 
of the cells. Sulfhydryl groups of sperm proteins regulate a number of activities of the cells. 
Addition of glutathione  reduced (GSH) or oxidized (GSSG) to the cryoprotectant partially 
prevented the effects of freezing/thawing, such as higher exposure of sulfhydryl groups, changes in 
the cellular distribution and enhanced rotational diffusion of sulfhydryl containing proteins of sperm 
membrane. Addition of GSSG to the cryoprotectant reduced by 35% the loss of motility of 
spermatozoa undergoing a freezing/thawing cycle. They concluded that cryopreservation perturbs 
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sperm membrane sulfhydryl containing proteins and the modifications could partially be prevented 
by the addition of GSSG to the cryopreservation medium. 
 Bull sperm are exposed to aerobic conditions during processing before freezing and they 
have little endogenous antioxidant to protect them against reactive oxygen species that may be 
present. Antioxidants generally were not beneficial, except the percentage of motile sperm was 
improved by 6-11% units, when sperm were stored unfrozen or after freezing when 0.5mM of GSH 
with or without SOD was added. In field  fertility trials, non-return rates were 71.9, 69.5 and 70.9% 
with WM (whole milk) containing 0.0, 0.5 and 1.0mM of GSH, respectively, and 74.0 and 73.9% 
with WM and WM plus 0.5mM of GSH and 100 IU/ml of SOD (Foote et al., 2002). 
 Glutathione is a tripeptide and is widely spread among living organisms. It is present mainly 
in reduced form (GSH) and only a small amount is in oxidized form (CSSG). The role played by 
glutathione and its metabolism in bovine and bubaline semen is not yet well established. 
Glutathione (GSH) stimulates the aerobic glycolysis and respiration of epididymal sperm in semen. 
The metabolic regulation is due to SH groups of GSH. Addition of extraneous glutathione enhances 
the fertility rate of liquid and fresh semen (Jain and Arora, 2003).  
 In sperm pack, GSH concentration is higher in Red Dane bull as compared to indigenous 
and CB Bulls. Glutathione concentration in head and tail was comparatively higher in CB bull than 
other indigenous and exotic bulls. The GSH concentration was found to be highest in tail fraction 
following head and mid-piece in all the breeds. The comparative study between cow bull and 
buffalo bulls revealed that GSH values were higher in buffalo bulls as compared to cow bull sperm 
pack and various sperm fraction (Jain and Arora, 2003). 
 It has been reported that there was a loss in GSH content after cryopreservation of boar 
semen, addition of 5 mM GSH to the freezing extender did not result in any improvement in either 
standard semen parameters or sperm fertilizing ability and addition of GSH to the thawing extender 
resulted in a significant increase in sperm fertilizing ability. GSH prevents damage of a sperm 
property that is critical in the fertilization process but that is not measured in the routine semen 
analysis (Gadea et al., 2004). 
 Glutathione is the most abundant antioxidant found in the body. It plays an important role in 
protecting lipids, proteins, and nucleic acids against oxidative damage. It combines with vitamin E 
and selenium to form glutathione peroxidase (Agarwal et al., 2005). 
 Chromatin condensation was equally affected by the addition of GSH. When GSH was 
added, a lower chromatin condensation was observed, as reflected by higher red fluorescence 
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intensity and higher PI uptake (control: 78.11 ± 2.32 vs. 1 mM GSH: 89.24 ± 2.28 and 5 mM GSH: 
92.85 ± 3.42 fluorescence units) The generation of ROS increased as a function of incubation time 
(30, 60, and 90 minutes), and ROS levels were significantly reduced following addition of GSH to 
the thawing media. Mean values of ROS generation for the GSH groups were close to 50% of the 
values of the control group (control: 140.45 vs. 1 mM GSH: 74.64 and 5 mM GSH: 66.32 
fluorescence units). The addition of GSH to the thawing media reduced the percentage of 
capacitated viable sperm in a dose-dependent manner and reduced the percentage of viable 
spermatozoa with changes in the sulfhydryl groups in membrane proteins (Gadea et al., 2005b). 
 An important endogenous antioxidant in humans is the tripeptide glutathione (L-g-glutamyl-
L-cysteinylglycine; GSH), which plays a central role in the defense against oxidative damage and 
toxins, where it serves as co-factor for glutathione peroxidase and glutathione S-transferases. 
Furthermore, GSH plays an important role in the protection against damage produced by oxidants, 
electrophiles and free radicals owing to its ability to react directly with hydrogen peroxide and 
superoxide anion, hydroxyl and alkoxyl radicals by its free sulphydryl groups (Eskiocak et al., 
2005). 
 The main findings emerging from the addition of GSH (L-g-glutamyl-L-cysteinylglycine; 
GSH) to the thawing media were the lower number of capacitated viable spermatozoa, a decrease in 
the number of spermatozoa with changes in the sulfhydryl groups in membrane proteins, a 
reduction of the reactive oxygen species generation, a lower chromatin condensation, and a higher 
penetration ability of oocytes in vitro and a higher proportion of decondensated sperm heads. GSH 
appears to play an important role in sperm antioxidant defense strategy. Addition of GSH to the 
thawing extender could be of significant benefit in improving the function and fertilizing capacity 
of frozen boar spermatozoa (Gadea et al., 2005a). 
 Gadea et al. (2005a) reported that the effects of GSH supplementation of the freezing 
extender on sperm function to compensate for the reported decrease in GSH content during the 
sperm freezing. They have also reported that the addition of GSH to the freezing media resulted in 
an improvement in motility percent, motion parameters of thawed spermatozoa, higher number of 
total viable spermatozoa, higher number of non capacitated viable spermatozoa and the decrease in 
the number of spermatozoa with changes in the sulfhydryl groups in membrane proteins. This 
protective effect on sperm function was dose dependent, and it was more pronounced with 1 mM of 
GSH than with 5 mM of GSH. The addition of GSH to the media affects the percentage of sperm 
with low plasma membrane lipid packing disorder and the percentage of viable spermatozoa 
presenting a higher number of non capacitated sperm.  
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 The anti-oxidants treatments with GSH-10mM and Taurine 50mM provided a significant 
improvement in sperm motility, viability and membrane stabilization of the sperm cells during the 6 
hours of liquid storage at 5ºC (Bucak and Tekin,2006).  
  Cryopreservation reduces the spermatozoal GSH content. The level of total GSH of bovine 
spermatozoa detected in the raw semen ranged from 246.50 to 776.20 pmoles/mg of protein. The 
Bioxcell extender was superior in preserving GSH content (647.20 ± 300.1 versus 223.60 ± 154.0 
pmoles/mL; P<0.05), motility levels (44.3 ± 4.8 versus 41.8 ± 4.0%; P<0.05), non-capacitated state 
(68.3 ± 13.6 versus 61.3 ± 17%; P<0.05) and a lower proportion of acrosome reacted spermatozoa 
post thaw (3.8 ± 2.1 versus 6.3 ± 3.1%; P<0.001) compared to egg yolk tris-citrate extender. These 
findings could be partially ascribed to the high GSH level contained in the commercial extender 
which seems capable of alleviating oxidative damages to spermatozoa surviving freezing thawing 
procedures (Stradaioli et al., 2007). 
 Post thaw motility percent, total abnormality percent, acrosome damage percent, viability 
percent  and HOST (%) values recorded are  60.6 ± 1.63,10.9 ±  2.45,  3.0 ±  0.73, 78.6 ±  4.48 & 
65.2 ± 3.81 (GSSG 5 mM)  , 45.00 ± 3.42,19.20 ± 4.76, 11.70 ± 3.17, 70.50 ± 5.29 & 42.70 ± 5.74  
(Cysteine 5 mM)and:39.5 ±  2.73, 30.10 ± 5.30, 13.40 ± 2.32, 50.70 ±  6.05  and 36.90 ± 4.40 ( 
Control)  respectively in ram semen (Uysal and Bucak,2007). 
 The anti-oxidant treatments GSH @ 5–10 mM and taurine @ 50 mM provided a significant 
improvement in sperm survival, sperm motility, viability and membrane stabilization of the sperm 
cells during the 6 hours of liquid storage at 5 °C (P < 0.05) and they are the key factors determining 
the preservation of sperm function (Mustafa  and Necmettin, 2007). 
 Uysal et al. (2007) reported that the antioxidants GSH (5mM) had a significant effect in 
maintaining sperm motility and membrane integrity, when compared to the control and other 
groups. 
 Bull semen diluents with Glutathione have been reported to improve post thaw motility and 
normal acrosome. It has also been reported to reduce enzyme leakage and consistently improved 
fertility. The mode of action as suggested might be to limit the production of lipid peroxides (Satish 
Kumar, 2007). 
 The mean progressive motility of spermatozoa in control and GSH-treated semen on day 2, 
0.5 mM GSH treated semen had significantly better sperm motility (56.3%) than 0.0 (55.4%) or 1.0 
(52.9%) mM GSH-treated samples. On Day 3 (54.0%), 4 (46.4%) and 5 (40.3%), 0.5 mM GSH 
treatment showed significantly better sperm motility, but the concentrations of 0.0, 2.0 and 3.0 mM 
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GSH had 51.5%, 49.6% and 46.8% sperm motility, respectively. Sperm motility in semen treated 
with 0.5, 1.0, 2.0 and 3.0 mM GSH, decreased by about 4%, 6%, 8% and 9%, respectively, each 
day, but by about 6% each day in the control group (Munsi et al., 2007). 
 It has been reported that the concentration of 5 mM GSSG was determined to exert the best 
protective effect on post-thaw sperm motility, sperm morphology, acrosome integrity, viability and 
membrane integrity in ram semen. Higher concentrations of GSSG (10 or 20 mM) may have 
exhibited negative or toxic effect on post-thawing spermatological indicators when compared to the 
5 mM concentration of GSSG (Uysal and Bucak (2007). 
Post Thaw Semen Evaluation 
 Cryopreserved bovine spermatozoa, when used for artificial insemination, generally 
produced lower conception rates than fresh spermatozoa for which post thaw evaluation is one of 
the important factors in semen processing laboratories as motility, velocity, acrosome integrity and 
membrane stability all of which contribute to fertility.  
 Moustafa and Meszaros (1980) observed that semen collected from 69 AI bulls having good 
semen quality with good freezing capacity and good semen quality with poor freezing capacity had 
50.0 and 21.5 % post thaw motility respectively.  
 Wood et al. (1986) demonstrated through multiple regression analysis that a combination of 
sperm motility after dilution in saline, motility after thawing and the proportion of coiled tails and 
proximal protoplasmic droplets provide the best prediction of fertility with a significant correlation.  
 Belorkar et al. (1990) found that semen samples with 50% post thaw motility or more were 
mostly from bulls with larger ejaculates, higher sperm concentration and lower percentage of 
abnormal and dead spermatozoa.  
 The acrosome integrity during semen storage have been studied by various workers and was 
found to vary from 74.05 to 83.70% prior to freezing to 69.40 to 76.10% after freezing (Nehring, 
1988; Sharma et al., 2005).  
 Kjoestad et al. (1993) observed that the fertility of frozen bull semen to be more closely 
related to acrosome integrity than to motility with a low correlation between semen motility and 
acrosome integrity. The combined assessment of both these parameters had a significant effect on 
fertility, which would further emphasize the advantage of assessing both parameters in order to 
establish a reliable basis for post thaw estimation of semen quality.  
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 The ability to predict post thaw sperm quality and fertility from a routine sperm function 
assay would be beneficial, considering the extended period of progeny testing (Garner et al., 1994).  
 Nair, (1997) observed the mean post thaw motility and post thaw livability in half bred and 
three bred cross bulls to be 23.65 + 2.28, 22.54 + 2.84, 39.75 + 3.0 and 40.42 + 3.38% respectively.  
 Brahmakshtri et al. (1999) established highly significant correlation (P<0.01) between post 
thaw motility and viability.  
 The reduced fertility of frozen thawed spermatozoa is thought to be not only due to a low 
sperm survival post thaw rate but also due to an impaired function of the surviving spermatozoa 
(Watson, 2000).  
Motility 
 The mean post thaw motility was  47.14 ± 0.92 %, 28.33 ±  5.26%, 44.16 ± 2.99%, 42.65 
±1.54%, 23.64 ± 5.325% and 28.33 ±2.35% for Pure JY,  75% JY, 62.5 % JY, 50 % JY, 75% HF  
and 62.5% HF bulls  respectively (Sagdeo et al., 1980).       
 Mathew (1988) reported post thaw motility of 44.79%. in 62.5% Brown Swiss: and  44.79% 
in 62.5 % JYCB. Similarly 50% JY CB bulls have recorded 43.33+ 1.86% post thaw motility (Tuli 
et al., 1988). 
 The pre-freeze and Post-thaw Motility (%) in NLOP (Non-Luteal oviductal proteins, LOP 
(Luteal oviductal proteins) and control were 67.50 ± 2.89 and 62.50 ± 2.89; 61.25 ± 7.50 and 52.50 
± 5.00; 52.50 ± 2.89 and 40.00 ± 4.08 respectively in the buffalo semen (Kumaresan et al., 2005). 
 The post thaw forward motility was significantly higher in diluents containing detergent 
mixture (4-6%) as compared to caffeine puris control. This  increased post thaw motility  in frozen 
semen  chelated in diluent  containing detergent mixture  could have happened because of  the  
action of  surfactants  on the sperm cell membrane, making them more permeable  and less   
sensitive to osmotic and  glycerol shock  during  freezing  and thawing. The over all post thaw 
motility and total abnormality in the thawed semen was 42.56 ± 1.29 and 14.26 ±0.04 % 
respectively.  
Acrosomal Integrity (Giemsa Staining)  
 Capacitated spermatozoa with ‘intact’ acrosomes may pass through the cumulus, but are 
unable to pass through the ZP. The acrosome reaction, a modified form of exocytosis, is an absolute 
requirement for successful sperm passage through the ZP (Austin and Bishop, 1958). 
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 Tris dilutor readily penetrates the sperm cells and acts as an intracellular buffer, which 
reduces the damages caused to spermatozoa due to cold shock at ultra low temperature (Edwin et 
al., 1975). 
 The acrosome sustains damage during processing of semen and freezing or penetration of 
spermatozoa. The damage to the tune of 50% may occur during dilution and cooling   (Tasseron et 
al., 1977). 
 The mean value of (%) intact acrosome 24 hours post thaw were higher in HF bulls (86.00 ± 
1.13) than the CB bulls (69.90 ± 1.29). The extent of acrosomal damage was not significant 
between fresh and post thaw semen (Sharma et al., 1980). 
 There are a large number of plant lectins currently available that can be used to detect 
reacted acrosomes by attaching to exposed sugar moieties in the reacted acrosome compartment. A 
strong correlation between fertility and the percentage of bovine sperm exhibiting intact acrosomes 
has been previously reported (Berndtson et al., 1981). 
 The acrosomal content, containing mainly hydrolytic enzymes, starts to disperse and digest 
the ZP. The integrity of the acrosome can also be determined morphologically, usually at the light 
microscopy level, in unstained samples or with different empirical stains such as Giemsa. However, 
fluorescent probes are generally superior to colored dyes because, fluorescence provides greater 
intensity and greater contrast between acrosomal and non acrosomal material (Cross and Meizel, 
1989). 
 The percentage of spermatozoa having an intact acrosome and being able to perform the 
acrosome reaction upon triggering is regarded as an important semen characteristic (De Leeuw et 
al. 1991). 
 Loss of acrosome structure was observed less in TEYFCAG (tris egg yolk fructose citrate 
glycerol) diluent and it was more pronounced in EYCFG (egg yolk fructose citrate glycerol). The 
intact acrosomes are 94.16 percent in fresh semen (pooled sample) which declined to 88.76 percent 
and 68.90 percent in pre- freeze semen dilutor in tris based diluents, where as it declined drastically 
to 85.98 percent and 56.70 percent in pre- freeze and post thaw semen respectively in citrate based 
dilutor (Singh and Purbey, 1996). 
 Fluorescent assessment of cellular integrity and mitochondrial function by flow cytometry 
can provide a rapid and precise means of determining the functional status of large numbers of 
N
at
ur
e 
Pr
ec
ed
in
gs
 : 
do
i:1
0.
10
38
/n
pr
e.
20
12
.6
99
8.
1 
: P
os
te
d 
18
 M
ar
 2
01
2
18 
 
spermatozoa. The rat sperm viability was assessed with SYBR-14 and PI and sperm mitochondria 
were differentially labeled with JC-1 (Curtis et al., 2000). 
 At 30 minutes time, there were no significant treatment effects on either viability or 
acrosomal integrity. The generation of ROS by the xanthine (X) – xanthine oxidase (XO) system 
had no effect on the percentage of live intact sperm (90.2% ± 1.7%) compared with that of control 
(89.0% ±  2.6%) (Baumber et al., 2000).  
 The acrosome reaction test is a valuable alternative method of determining the fertilizing 
ability of frozen thawed semen and in relation with motile and live spermatozoa (Pandey et al., 
2004). 
 The over all mean % of intact acrosome obtained in the semen of Gir and Jaffarabady 
bulls(84.80 ± 0.89 and 83.50 ± 1.24) did not vary significantly (Raina and Dhami, 2004). 
Acrosomal Integrity (FITC-PSA) 
 The significant correlations between the percentage of spermatozoa with normal and intact 
acrosomes and the percentage of progressively motile spermatozoa were not unexpected since loss 
of the acrosomal contents under the incubation conditions used that would not likely be indicative 
of cell death (Garner et al., 1986). 
 It was found that FITC-RCA–Lectin binding can be an useful method for assessing the 
acrosomal status of fresh ram spermatozoa in suspension. This technique is the only described 
method by which the acrosomal status of unfixed ram spermatozoa can be assessed. Because it is 
simple and reliable, this acrosomal labeling technique should have broad applications in practical 
use such as the evaluation of sperm quality for cryopreservation or artificial insemination (Jose et 
al., 2000). 
  Specific labeling techniques have been used to enhance visualization of the acrosome with 
fluorescence microscopy. Lectins that bind to glycoconjugate of the acrosomal matrix or outer 
acrosomal membrane have been used to visualize the acrosome of human spermatozoa (Cross and 
Meizel, 1989) and that of bulls (Graham et al., 1990) and rams (Magargee et al., 1988). 
  Fluoresein-conjugated plant lectins such as fluorescein isothiocyanate–conjugated Pissum 
sativum agglutinin (FITC-PSA) have been used to selectively stain the acrosome of human 
spermatozoa (Tesarik et al., 1993) and that of stallions (Farlin et al., 1992), monkeys (Cross et al., 
1988), bulls (Cross and Watson, 1994), and rams (Sukardi et al., 1997).  
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 Sperm plasma membrane is responsible for establishing a barrier between intracellular and 
extra cellular environments, which is important to maintain osmotic equilibrium and cellular 
homeostasis. Damages in this structure lead to cellular instability caused by homeostasis loss, 
resulting in cellular death. Therefore, plasma membrane integrity exerts a crucial role on sperm 
survival in the female reproductive tract and its fertilizing ability (Parks and Graham, 1992).  
 Acrosome integrity can be checked by different fluorescent techniques. Among them, the 
use of marked lectins is emphasized (Graham et al., 1990), which include Pisum sativum agglutinin 
(PSA), Ricinus Communis Agglutinin (RCA), Arachis hypogea agglutinin (PNA) (Cross and 
Meizel, 1989), and Concanavalia ensiformis (ConA), which are fluorescein isothiocyanate-
conjugates (FITC). PSA is an agglutinin from edible peas, and binds to the glycoconjugate of the 
acrosomal matrix (Cross and Meizel, 1989). It has affinity for terminal a-D-glucosyl and a-D-
mannosyl residues of glycoproteins, and binds specifically to the sugar a-mannoside found in 
acrosomal contents (Sukardi et al., 1997).  
 This is an efficient and easy technique to simultaneously evaluate plasmatic, acrosomal, and 
mitochondrial membranes of fowl sperm. It is possible to suggest that the application of this 
methodology in large scale can be maximized by the use of flow cytometry systems, providing 
higher accuracy and swiftness, as it is to read approximately 10,000 cells in a few seconds 
(Celeghini et al., 2007). 
 The mean percentages of abnormal acrosome in treated and control groups of semen on  1st 
day, 2nd day, 3rd day, 4th day and 5th day were (@3.0 mM)  4.8 ± 0.3, 8.3 ± 0.6, 11.7 ± 0.7, 15.4 ± 
0.9 and 20.5 ± 1.0 respectively. The proportion of acrosomal abnormality was significantly lower 
(12%) in 0.5 mM GSH treated semen on Day 5 than in other groups (Munsi et al.,2007).  
Hypo Osmotic Swelling Test (HOST) 
 Drevius and Eriksson (1966) demonstrated the swelling phenomena of sperm tail of bovine 
spermatozoa when exposed to a hypo osmotic solution (0.024M to 0.043M sodium chloride 
solution). 
 Bredderman and Foote (1969) evaluated the proportion of swollen bovine sperm in 
hypotonic saline and found it to correlate almost significantly with 60 to 90 days non return rate. 
 In vitro fertilization assessment of hypo osmotic test using 150m Osm kg-1 fructose / 
Trisodium citrate solution gave a very high correlation (r=0.94) with the denuded hamster oocyte 
penetration test in human spermatozoa (Jeyendran et al., 1984). 
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 Hypo-osmotic swelling test was developed by Jayendran et al. (1984) to evaluate sperm 
membrane functional integrity and this test is based on the semi permeability of the intact cell 
membrane, which allows the sperm to swell under hypo-osmotic condition. 
 It was suggested that the ability of spermatozoa to swell in the presence of hypo osmotic 
medium reflects normal water transport across the sperm membrane, which is a sign of normal 
membrane integrity and functional activity (Jayendran et al., 1984). 
 Coetzee et al. (1989) observed that the correlation between hypo osmotic swelling and 
sperm viability was strong (r=0.76). A moderate correlation exists between hypo osmotic swelling 
and sperm morphology (r=0.50) and weaker correlation (r=0.42) with sperm penetration assay in 
human in vitro fertilization.  
 The functionally active spermatozoa exposed to a hypo osmotic stress swell due to influx of 
water and subsequently increase in volume to establish the equilibrium between the cytosol and the 
extra cellular milieu, spermatozoa with compromised or inactive membranes are unable to regulate 
water influx and remain not swollen. Thus, hypo osmotic swelling test may be useful in assessing 
changes in the sperm membrane functional integrity during freezing and thawing procedures 
(Revell and Mrode, 1994). 
 The spermatozoa, whose plasma membrane is intact, swell in response to hypo osmotic 
treatment (150m Osm kg-1), a process seen as binding, coiling or shortening of the tail. Some of 
these swollen bovine spermatozoan cells continue to show activity. A good correlation existed 
between ability of spermatozoa to undergo capacitation, penetration of oocyte and hypo osmotic 
swollen positive spermatozoa percentage (r=0.90, p<0.001). There exists a very little relationship 
between percentages of hypo osmotic swollen positive spermatozoa and percentage of normal 
sperm present in the ejaculates (r=0.61, P<0.01). Relation between the percentage motile 
spermatozoa and swollen spermatozoa   significantly correlated (P<0.01) with those that did not 
stain with Eosin – Y (Revell and Mrode, 1994). 
 Das (1994) observed that, total hypo osmotic swollen sperm in crossbred bulls varied from 
49 to 72% with the average values being 62.13 + 2.76 in a FBH, 64.75 + 0.99 in FJH bulls. No 
significant difference was observed among the bulls and between the breeds by HOST.  
 The hypo-osmotic swelling test (HOST) was used as a complementary test to the viability 
assessment protocol to evaluate the functional integrity of the sperm plasma membrane. HOST 
relies on the resistance of the membrane to the loss of permeability barriers under stress conditions 
of stretching in a hypo-osmotic medium (Buckett et al., 1997). Sperm cells with resistant 
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membranes exhibited a swelling around the tail, such that the flagella became curled and the 
membrane maintained a swollen ‘bubble’ around the curled flagellum. 
 Nair (1997) found the average post thaw hypo osmotic swollen positive sperm to be 23.54 + 
1.41 and 23.83 + 1.2% in half bred and three bred cross bulls with a significant difference (P<0.05). 
 Post thaw motility (37.4 ± 4.32%) and HOST response (50.69 ± 2.07%) were significantly 
higher (p<0.01) for extender having 9% glycerol compared to 6% glycerol. Longer equilibration 
period of 4 hours showed better post thaw motility (32.4 ± 4.42%) and HOST response (48.67 ± 
2.07%), when compared to 2 hours equilibration (Nair et al.,1999). 
 It is possible to evaluate using Eosin exclusion test, HOST, water test and fluorescent 
staining test with Propidium Iodide the structural and functional membrane integrity and viability 
correlated with the in-vitro fertilizing ability of sperms in frozen semen of boar and bull (Pintado et 
al., 2000). 
 The mean percentage of swollen buffalo spermatozoa following HOST post thaw were 45.0 
± 0.44, 57.5 ± 0.48 and 45.5 ± 0.41 following conventional freezing , moderate rate and slow rate of 
programmable freezing respectively (Pant et al.,2002). 
 Pant et al., (2002) found that the lowest mean value for HOST positive spermatozoa also 
had the lowest fertility in buffaloes. 
 A negative correlation between HOS test results and ejaculate volume (bull: -0.278, boar: 
0.27) and a positive correlation between sperm cell concentration (bull: 0.216, boar: 0.43). This test 
is used to supplement commercial method of sperm evaluation (Madeja   et al., 2003). 
 A significant positive correlation was observed between motility and swollen tail 
spermatozoa rates (p<0.01) and there was a correlation between tail defects and swollen tail 
spermatozoa rates (p<0.05) but acrosome, head, mid piece defects were not correlated with swollen 
tail spermatozoa (p<0.05) (Zekariya Nur et al., 2003). 
 A high significantly high and positive correlation was observed between sperm motility and 
sperm curling in fresh and frozen semen (p<0.01).the higher correlation between curling and 
motility than between curling and morphologic changes (p<0.01) in frozen semen is not surprising. 
Since sperm motility depends partly on membrane transport (membrane integrity) and partially on 
other biochemical activities such as sperm metabolism (Uysal and Korkmaz, 2004). 
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 Hypo osmotic swelling – Eosin test is an easy assay practicable, useful and more accurate 
semen analysis method for predicting the fertilizing capacity of semen sample (Uysal and Korkmaz, 
2004). 
 The HOST is not only an indicator of the chemical integrity of the plasma membrane, but 
also of its physical integrity (a broken membrane will not allow swelling to occur) therefore it is not 
necessary to perform the viability stain if the HOST is performed. This test is useful for detection of 
damage during cryopreservation, toxic effect of drugs, chemical and to assess quality of sperm 
(Sharma et al., 2005). 
 The mean HOST, water test, dead spermatozoa, motility %, defective acrosome and total 
morphological defects were 53.7 ± 11.3%, 49.8 ± 9.7%, 12.7 ± 5.7%, 62.5 ± 8.65%, 7.2 ± 2.9% and 
9.7 ± 3.4%  respectively and mean concentration of sperm and pH were 2.2X109/ml and 6.8 
respectively (Zekariya Nur et al.,2005). 
 There was a good correlation between motility and percentage of swollen tail spermatozoa 
obtained by both water and HOS tests, but no correlation was observed between swollen tail 
spermatozoa and dead sperms, acrosome defects, and total morphological defects (Zekariya Nur et 
al., 2005). 
 The overall response of spermatozoa in HOST solution was 33.67±1.25 with a range of 
30.50 ± 1.00 to 35.88 ± 3.14%. HOS positive sperm showed a positive correlation(r=0.98) with 
fertility rate and along with this test assessment of sperm morphological abnormalities could be 
useful in evaluating fertility of Frieswal bulls under field conditions (Mondal et al.,2007). 
Cervical Mucus Penetration Test (CMPT) 
 Cervical mucus plays an important role in selecting motile, mostly morphologically normal 
sperm for fertilization, so that CMPT has always held as an important in-vitro sperm functional test. 
Bovine cervical mucus is particularly common because it is easier to obtain in large quantities and 
has similar rheological and biochemical properties to human cervical mucus and can be stored in 
the frozen storage with only minimal changes in rheological properties (Lee et al., 1981). 
 Amit et al. (1982) used average swim up sperm velocity, which is directly related to sperm 
count per high power field at 10, 20, 30 and 40 mm after 60 minutes. Cervical mucus is a 
physiological barrier controlling sperm access to the upper female reproductive tract. Spermatozoa 
with anomalies of the flagellum and particularly of the middle piece are not able to migrate through 
the cervical mucus (Jeulin et al., 1985). Furthermore, the pattern of sperm movement and amplitude 
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of the lateral head displacement are also very important for cervical mucus penetration (Aitken et 
al., 1985). 
 Spermatozoa are selected both quantitatively and qualitatively during their migration 
through the cervical mucus and during their transit in the female genital tract (Jouannet and Feneux, 
1987). 
 During natural mating, spermatozoa must migrate through the cervical mucus to enter the 
uterus. Subsequently, spermatozoa are transported mainly by muscular movements of the uterus to 
the functional sperm reservoir in the oviduct (Suarez et al., 1990). 
 The ideal male fertility should provide some assessment of sperm function as well as 
measurement of concentration and morphology. The in-vitro sperm mucus penetration test is a 
sperm function test which measures the ability of sperm in the semen to swim up into a column of 
cervical mucus or its substitute. If it can be proven to be as good as semen analysis in assisting 
progressive sperm motility, then arguably, its additional benefit as a test of functional competence 
may make it a suitable and cheaper alternative to the present combination of semen analysis and 
sperm separation procedure . This attraction has led to the re emergence of research into CMPT for 
the assessment of semen. Sperm migration into cervical mucus is based on the same principle as the 
Kremer test (Kremer et al., 1995). 
 The sperm penetration speed (SPS) for the different bulls varied between 62.64  2.65 /Sec 
and 48.61  1.97   /Sec. The SPS for different cows varied between 69.72  1.84   /Sec and 43.75 
 0.79  /Sec. The sperm penetration speed was significantly different between the bulls (p<0.01) 
and between the different mucus samples (p<0.01) as reported by Anil Kumar and Devanathan 
(1995). 
 Some of the parameters used to reflect the degree of penetration include, the migration or 
vanguard distance (distance between the foremost sperm in the capillary tube to the end of the tube 
in the semen reservoir), swim up sperm count /sperm velocity at 10, 20, 30 or 40 mm at high power 
field and migration reduction. Of these, most commonly used parameter is the vanguard distance of 
30 mm, measured after incubation at 37oC for 90 minutes. In addition, there might be technical 
difficulties with filling capillary tubes with cervical mucus (Tang et al., 1999). Although sperm 
migration has been extensively refined and validated in human infertility (Clarke et al., 1998). 
Studies on its application to predict bovine fertility has been very limited and a clear relation 
between the sperm migration distance and in vivo bull fertility has never been demonstrated. 
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 It has been found that SMPTvd has a low accuracy in the evaluation of semen, but SMPTsc 
was found to be moderately accurate in assessing sperm motility in semen. This method of using 
sperm concentration, instead of vanguard distance, as diagnostic criteria of in-vitro SMPT has got 
potentiality as an useful laboratory based sperm function test (Bolarndeola et al., 2003).   
 The highest repeatability of the sperm migration test (CV = 10.7%) was obtained when the 
sperm migration distance of the five vanguard motile spermatozoa was determined at 30 min 
incubation at 37°C in a migration medium with 1.35% MC. No significant difference in migration 
distance was demonstrated when sperm concentrations of 100 X106 and 150 X106 spermatozoa/ml 
were used. Despite the relatively high repeatability of the migration test, no relation was found 
between the sperm migration distance and the 56day-NRRs of five sire bulls. Therefore, the sperm 
migration test in 1.35% MC cannot be used to predict in vivo bull fertility accurately (Steven, 
2004).  
 The pregnancy outcome from the bulls having maximum SPD(sperm penetration distance) 
in bovine cervical mucus (fresh semen -38.63 ± 0.26, extended semen-37.39 ± 0.19, frozen semen-
36.85 ± 0.21), 2%PAG fresh-37.44 ± 0.54, extended-36.60 ± 0.34, frozen-35.89 ± 0.44 were found 
58.83% where as bulls showing lower values of SPD in BCM and 2% PAG had lower pregnancy 
outcomes (Bhatia et al.,2007). 
 The mean distance traveled by fresh and frozen thawed spermatozoa in bovine cervical 
mucus was 26.80 ± 0.65 and 29.40 ± 1.00 mm /60min respectively, with an increase in the mean 
value by 16.8% from fresh to frozen thawed stage. The frozen thawed spermatozoa covered 
significantly high distance in the cervical mucus than that of fresh spermatozoa. This indicates that 
the cervical mucus penetration test is a good indicator to predict the functional status of frozen 
thawed spermatozoa (Satish Kumar and Kadirvel, 2007).  
Mitochondrial Membrane Potential (MMP) 
 A combination of 6-carboxyfluorescein diacetate (CFDA) and Propidium iodide (P1) could 
provide quantifiable information on functional aspects of spermatozoa due to their molecular 
characteristics. The CFDA fluorophore, which readily permeates membranes, is non-fluorescent. 
But, hydrolysis of the ester bonds results in formation of a highly fluorescent, membrane-
impermeant green fluorophore. Intracellular esterases readily hydrolyze CFDA and the resultant 
product, 6-carboxyfluorescein, is trapped within cellular structures possessing intact membranes. 
The counter stain, P1, is a bright red, nucleic acid-specific fluorophore. This fluorophore is 
relatively impermeable to membranes and thus does not readily stain nuclei of viable spermatozoa. 
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Thus, a combination of dual fluorescent staining and flow cytometric analysis may make it possible 
to quantitatively assess spermatozoan viability and potential fertility (Garner et al., 1986). 
 The greater variability seen in the evaluations of motility are reflective of the limitations 
inherent in this visual method of quantifying the percentage of motile spermatozoa as used routinely 
by most semen-processing organizations. Mitochondrial membrane potential is widely used for 
characterization of cellular metabolism, viability and apoptosis in various cellular models. In 
human, a correlation exists among poor sperm mitochondrial function, diminished motility and 
reduced fertility (Marchetti et al., 2002 and Wang et al., 2003). 
 For determination of mitochondrial transmembrane potential, the dye -5, 5', 6, 6'-tetrachloro-
1, 1', 3, 3'-tetraethylbenzimidazolyl carbocyanine iodide, JC-1 can be used. JC-1 is a dye, which 
fluoresces green in monomeric form upon initial entry into the cytoplasm. Oxidation within the 
mitochondria causes the formation of J-aggregates; these fluoresce red-orange and are concentrated 
within the mitochondria. The most widely used mitochondrial-specific probe (JC-1), is capable of 
entering selectively into mitochondria, since it changes reversibly its color from green to orange as 
membrane potentials increase (over values of about 80-100 mV). This property is due to the 
reversible formation of JC-1 aggregates upon membrane polarization that causes shifts in emitted 
light from 530 nm (i.e. emission of JC-1 monomeric form) to 590 nm (i.e. emission of J-aggregate). 
When excited at 490 nm; the color of the dye changes reversibly from green to greenish orange as 
the mitochondrial membrane becomes more polarized. The phenomenon producing the red-orange 
fluorescence has been referred to as J-aggregate formation. The proportion of red-orange and green 
fluorescence (aggregates: monomers) depends on the mitochondrial membrane potential. 
Mitochondria with high membrane potential fluoresce red-orange, while those with low to medium 
membrane potential fluoresce green. While JC-1 indicates the presence of membrane potentials, JC-
l has the unique property of further differentiating between high and low membrane potentials. 
 The formation of aggregates depends on the chemical environment of dye concentration, 
pH, ionic strength, and temperature. Fluorescent mitochondria may not have been the sole indicator 
of sperm motility. It is possible that mitochondrial fluorescence quenched or failed to fluoresce at 
very low levels while the spermatozoa continued to exhibit relatively slower progressive motility. 
The biological significance of the proportions of aggregates and monomers in spermatozoa remains 
to be resolved. 
 In human, a correlation exists between poor sperm mitochondrial function detected by 
reduction of m and diminished motility and reduced fertility (Marchetti et al., 2002 and Wang et 
N
at
ur
e 
Pr
ec
ed
in
gs
 : 
do
i:1
0.
10
38
/n
pr
e.
20
12
.6
99
8.
1 
: P
os
te
d 
18
 M
ar
 2
01
2
26 
 
al., 2003). Therefore a greater understanding of the molecular basis of male fertility is essential for 
sperm egg interaction and embryo development.  
 Mitochondria are the major organelles for the production of adenosine triphosphate (ATP) 
required for sperm motility and ATP production is very important for maintaining flagellar 
movement for a long period of time. This is required for sperm to reach the site of fertilization 
(Bartoov et al., 1980).  
 The functional status of sperm organelles or compartments can be assessed by organelle 
specific staining. The mitochondrial function of spermatozoa can be assessed using JC-1, a dye that 
accumulates in mitochondria as J-aggregates| and fluoresces red-orange when the membrane 
potential (∆ψ) is relatively high, or as the monomeric form that fluoresces green when the (∆ψ) is 
relatively low (Reers et al., 1991). 
 The mitochondrial probe 5,5',6,6'-tetrachloro-1,1',3,3'-tetraethylbenzimidazolyl-carbocyanine 
iodide (JC-1) not only identifies mitochondria exhibiting low membrane potentials by the emission 
of green fluorescence (range, 510-520 nm) but also differentiates these from mitochondria 
exhibiting relatively high membrane potentials. This discrimination occurs because JC-1 forms 
aggregates at high membrane potentials. These J-aggregates emit a bright red-orange fluorescence 
at 590 nm. Thus, JC-1 was combined with the classical dead cell stain, Propidium iodide (PI), to 
identify a spectrum of functional sperm along with degenerate sperm (Garner et al., 1999).  
 The effects of stain equilibration time, sperm concentration, and live and dead ratio were 
examined. The addition of SYBR-14 to the JC-1 and PI combination enhanced the distinction 
between the red PI-stained and red-orange JC-1-stained populations. This discrimination between J-
aggregates and the PI-stained sperm was affected by sperm concentration. These indicate that JC-1 
can be useful in monitoring mitochondrial function in bovine sperm (Garner et al., 1999). 
 Motile sperm stained with JC-1 appeared orange in the mid-piece indicating a high 
mitochondrial membrane potential, whereas immotile sperm with a low membrane potential stained 
green. The percentage of spermatozoa staining orange was highly correlated with expected sperm 
viability (Curtis et al., 2000).  
 There were no significant treatment effects on mitochondrial membrane potential after 
incubation with the xanthine (X) – xanthine oxidase (XO) system. The generation of ROS by 0.6 
mM X - 0.05 U/ mL XO had no effect on orange (9133 relative fluorescence units RFU) or green 
(15 798 RFU) fluorescence measured on the multi well plate reader compared with the case of the 
control (8631 and 14 222 RFU, respectively). The generation of ROS by 0.6 mM X -  0.05 U/mL 
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XO had no effect on the percentages orange (88%) or green (11%) populations determined by flow 
cytometry, compared with the case of control (88% and 11%, respectively) (Baumber et al., 2000). 
 The high mitochondrial membrane potential was correlated with fertility as compared to 
reactive oxygen species production, DNA fragmentation and viability (Marchetti et al., 2002).  
 The sperm mitochondrial membrane potential increases leads to sperm motility parameters 
and fertility potential will also increase. The JC-1 dye method is useful to predict sperm fertility 
potential (Kasai et al., 2002). Changes in the mitochondrial membrane potential have been 
proposed to be a good indicator of sperm functional impairment (Pena et al., 2003). 
 Guillaume et al. (2004) has reported that cryopreservation had a dramatic effect on 
spermatozoon ∆ m. The synthesis of ATP is under mitochondrial control and dependent on a high 
∆ m. A ∆ m decrease can result in mitochondrial dysfunction, leading to non-renewal of ATP. 
Then a lack of energy and depletion in ATP can be responsible for the decreased spermatozoon cell 
motility, usually observed after cryopreservation and thawing.  
 Motility study is currently the most commonly used tool to evaluate sperm quality in 
commercial bull stations. At best it is an indicator or an indirect measure of metabolic activity and 
cell viability (Hallap et al., 2005). 
 The mean ±SE and range of Progressive forward motility (%), Acrosomal integrity (%), 
Sperm nuclear morphology (%) and Mitochondrial membrane potential (%)    were  51.67±2.69 & 
41.67-60.00, 77.51± 7.50 & 40.50-90.74, 84.64 ±0.86 & 83.22-88.56 and 19.65 ± 3.18 & 5.90-
27.81 respectively in  buffaloes  (Selvaraju et al.,2007). 
 Functional membrane integrity, subpopulation of spermatozoa positive for functional 
membrane integrity, acrosomal integrity and plasmalemma integrity measured by fluorogenic 
staining and mitochondrial membrane potential had significant contribution to the sperm zona 
binding and penetration (Selvaraju et al., 2007). 
Lipid Peroxidation Assay (LPO) 
 The mechanism by which lipid peroxidation produces inert spermatozoa to cause damage to 
the sperm membrane, which results in leakage in intracellular constituents, including adenine and 
pyridine nucleotides and enzymes. Without intracellular ATP, there can be no motility. It would 
therefore be expected that the percent inert sperm produced by this mechanism would correlate with 
the extent of lipid peroxidation and not with the time of exposure to aerobic incubation. It is 
important to note the distinction between the effect of the ionic composition of the medium on lipid 
27 
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peroxidation, which irreversibly converts motile sperm to inert sperm, and on patterns of motility, 
including reversible loss of motility (Alvarez and Storey, 1982). 
 Spermatozoa from several mammalian species, including mice and humans, are highly 
susceptible to oxygen induced damage mediated by lipid peroxidation because of their high content 
in polyunsaturated fatty acid and relatively low levels of antioxidants (Aitken et al., 1989). 
Exposures to fatty acid peroxides or to high concentrations of the combination of ferrous iron and 
ascorbic acid (Fe2+ /Asc) to induce excessive lipid peroxidation in sperm membranes result in a 
rapid loss of motility and viability (Jones et al., 1979). Similarly, incubations under conditions that 
favor oxygen contact with spermatozoa result in high levels of lipid peroxidation and cell death 
(Alvarez et al., 1987). 
 Sperm cells have a high content of unsaturated fatty acids in their membranes but   lack in 
significant cytoplasmic component containing antioxidants. Therefore, sperm cells are highly 
susceptible to lipid peroxidation (LPO) by free radicals such as hydrogen peroxide, superoxide 
anion, and hydroxyl radical, which lead to the structural damage of sperm membranes during the 
freezing-thawing process (Sinha et al., 1996). 
 The thiobarbituric acid (TBA) assay has been widely used to provide a convenient index of 
lipid peroxidation, the outcome of which correlates well with alternative techniques for assessing 
peroxidation, including chemiluminescence, pentane or ethane formation and colorimetric reactions 
based on the reduction of phosphoilpid hydroperoxides with potassium iodide (Jones et al., 1979). 
 Despite a certain lack of selectivity (Bird and Draper, 1984) have arguments in favor of 
using the TBA-assay to give a general indication of the extent of lipid peroxidation in mammalian 
spermatozoa (Alvarez and Storey, 1982 and Alvarez et al., 1987). 
 As a consequence, spontaneous Malondialdehyde production by human spermatozoa is slow 
and long incubation periods, have to be used to monitor the peroxidation process (Alvarez et al., 
1987).  
 The hydrogen peroxide might be more likely to affect intracellular enzyme systems because 
of its higher membrane permeability and alternatively, enzyme inhibition could be induced 
indirectly by products of lipid peroxidation, especially Malondialdehyde and 4-hydroxynonenol. 
Low concentrations of these substances like Malondialdehyde and 4-hydroxynonenol have been 
shown to inhibit a large number of cellular enzymes and functions like anaerobic glycolysis, DNA, 
RNA, and protein synthesis (Comporti, 1989). 
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 Lipid peroxidation occurring in both the seminal plasma and spermatozoa was estimated by 
Malondialdehyde (MDA) concentration. Spermatozoal MDA concentration was higher in men with 
decreased sperm motility. The MDA concentration in the seminal plasma exhibited no relationship 
with sperm concentration, sperm motility, the number of immotile spermatozoa, or even the absence 
of spermatozoa. The MDA concentration in sperm pellet suspensions of asthenospermic and 
oligoasthenospermic patients was almost twice that of the normospermic males. The MDA 
concentration in the sperm pellet suspension from normospermic or oligospermic patients was about 
10% of the seminal plasma content. However, the MDA concentration in the sperm pellet 
suspension of asthenospermic or oligoasthenospermic patients was about 15% that in the seminal 
plasma. Treatment of asthenospermic patients with oral Vitamin E significantly decreased the MDA 
concentration in spermatozoa and improved sperm motility (Suleiman et al., 1996). 
 Malondialdehyde was increased (0.82 ± 0.51µM) significantly above the control (0.43 ± 
0.19 µM) with the addition of xanthine (X) – xanthine oxidase (XO) system at the highest 
concentration (Baumber et al., 2000). 
 Hydrogen peroxide has a primary role in mediating equine spermatozoa damage due to ROS 
generation by the xanthine (X) – xanthine oxidase (XO) system. Equine sperm motility is a more 
sensitive indicator of oxidative stress than are viability, acrosome integrity, lipid peroxidation, and 
mitochondrial membrane potential. It has also been suggested that equine sperm motility may be 
affected by a pathway of ROS action independent of lipid peroxidation and mitochondrial 
membrane dependent functions, both previously reported to be responsible for ROS damage to 
motility in human spermatozoa (Baumber et al., 2000). 
 It is also possible that the assay for lipid peroxidation   was not sensitive enough to detect 
small changes in lipid peroxidation that may have affected sperm cell function, such as in the 
mitochondrial membrane or mitochondrial enzymes (Baumber et al., 2000). 
 The MDA production in one group increased from 1.17±0.29 at 0 h to 7.50± 135 0.52 
nmol/108 spermatozoa after 72 h while in other group it increased from 1.99±0.26 to 8.70±0.10 
nmol/108 spermatozoa during the same period. Spermatozoa of buffalo bull showed a significant 
higher (p < 0.05) LPO at 0 h as well as at 12, 24 and 48 h (p < 0.01) of storage at refrigeration 
temperatures than spermatozoa of cattle bull (Sreejith et al., 2005). 
DNA Fragmentation 
 Sperm with non-compensable defects such as abnormal DNA distribution has been 
associated with improper zygotic, embryonic and or fetal development (Saacke, 1998). Since sperm 
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DNA is uniquely condensed and organized, any abnormality associated with DNA, chromatin 
packing, or the sperm nuclear matrix should be reflected by a change in sperm nuclear shape. The 
evaluation of sperm DNA distribution should be useful for assessing male fertility. 
 The DNA-damaged sperm (regardless of degree of damage) have the ability to fertilize the 
oocyte, but that embryonic development is very much related to the degree of DNA damage. 
However, the oocyte has the capacity to repair DNA damage of sperm when it is damaged by less 
than 8%. Damage beyond this level will result in low rate of embryonic development and high early 
pregnancy loss (Ahmadi, 1999). 
 Many of the reproductive toxic agents have been studied to exhibit cell-type specificity 
resulting in increased DNA fragmentation in epididymal or ejaculated sperm. Thus, it appears that 
there are various mechanisms that result in DNA strand breaking in mature sperm. One of the 
primary DNA damaging agents receiving a lot of research attention is reactive oxygen species 
(ROS) (Henkel et al., 2003).  
 Henkel et al. (2004) showed no correlation with fertilization rates, pregnancy, DNA 
integrity or DNA fragmentation using early markers of apoptosis (Annexin V binding and Fas 
expression). As there is clear relationship between high DNA fragmentation and lower pregnancy 
rates, it seems possible that DNA damage may be due to ROS. 
 Harmful metabolites from polycyclic aromatic hydrocarbons in polluted air are detoxified 
by glutathione s-transferase and the men who lacked the gene for the enzyme glutathione s-
transferase would be more susceptible to the effects of air pollution resulting in sperm DNA 
damage (Evenson and Wixon, 2006). 
 The lower DNA damage observed following supplementation of the thawing medium with 
GSH, suggests that ROS generation and redox balance are the most important factors responsible 
for the disruption of the condensation and stability of sperm chromatin after cryopreservation 
(Joaquı et al., 2007). DNA fragmentation index in Control , 1 mM GSH and 5 mM GSH were  1.2 ± 
0.1, 0.8 ± 0.1   and 0.8 ± 0.2 respectively (Joaquı et al., 2007) 
 Bollwein et al. (2008) analyzed DNA fragmentation by the standard deviation of the DNA 
fragmentation index (SD-DFI) and the percentage of sperm with a high degree of DNA 
fragmentation (%DFI) by using SCSA(TM). 
 The mean non-return rate on day 56 (NRR 56) ranged from 63.7% to 78.0% (mean +/- SD: 
71.8% +/- 3.7%). Mean values for PMI (plasma membrane intact sperm) and HMMP (high 
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mitochondrial membrane potential) decreased from 37.4% +/- 6.8% to 31.2% +/- 6.1% and from 
38.8% +/- 7.1% to 23.8% +/- 7.7% respectively. SD-DFI (standard deviation of the DNA 
fragmentation index) increased from 56.9% +/- 8.0% to 69.0% +/- 12.9% and %DFI from 6.4% +/- 
2.5% to 12.4% +/- 5.8% (Bollwein et al., 2008).   
 The lower DNA damage observed following supplementation of the thawing medium with 
GSH suggests that ROS generation and redox balance are the most important factors responsible for 
the disruption of the condensation and stability of sperm chromatin after cryopreservation. The 
DNA damage induced by ROS generation could negatively affect the fertilization rate and early 
embryonic development. The DNA damage induced by ROS generation could negatively affect the 
fertilization rate and early embryonic development (Joaquı et al., 2007). 
 Free radicals are known to be involved in lipid peroxidation as well as DNA and sperm 
membrane damages that may lead to decreased sperm motility or cell death (Uysal et al., 2007). 
 Cryopreservation caused a significant but low (3.8%) decrease in the percentage of DNA in 
the comet head and an increase (5.3%) in the tail length. This indicates that in addition to motility 
and viability, low levels of DNA fragmentation after cryopreservation is a characteristic of bull 
spermatozoa and can be a part of remarkable cryoresistance of bull spermatozoa (Słowińska et al., 
2008). 
Computer Assisted Sperm Analysis (CASA) 
 Attempts have been made to develop other techniques to measure the motility of 
spermatozoa to avoid inevitable human bias. The methods used to estimate sperm velocities have 
ranged from very simple techniques, such as time-exposure or multiple exposure 
photomicrography, to the very sophisticated computer-assisted sperm analysis (CASA) techniques 
(Mortimer, 1997). Recent findings suggest that it is not just the proportion of motile spermatozoa 
that is of great importance. The objective and quantitative measurement of other sperm motion 
characteristics derived from observations of individual cells, assessed by CASA, have been found to 
be more predictive of a sample's potential fertility (Mortimer, 1994). In the case of the bovine, 
specific motion parameters have been reported to be related to fertility (Budworth et al., 1988; 
Farrell et al., 1998). In addition to the use of computerized techniques to predict semen fertility, 
CASA provides an useful tool to study the effects of various in vitro procedures on sperm motility, 
as well as the means to study the phenomenon of sperm hyper-activation. 
 Computer assisted semen analysis (CASA), a tool used for providing quantitative data on 
sperm motility, gives more objective and detailed spermatozoa kinematics information than 
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traditional methods do (ESHRE Andrology Special Interest Group, 1998). There is ample evidence 
to indicate that CASA parameters can be used to predict fertility (Macleod and Irvine, 1995). Sperm 
velocity and motility are among the most important parameters of semen quality because they are 
correlated with fertility (Aitkin, 1990). 
 CASA can be used as a predictive tool for fertility in human post thaw spermatozoa. The 
main variables included for semen fertility in CASA parameters are ALH and VAP (Macleod and 
Irvin 1995). ALH remains a very useful parameter because it reflects the amplitude of the proximal 
flagellar wave (ESHRE Andrology Special Interest Group, 1996). 
 Fertilization rates are related to ALH, VCL, VSL, and rapid sperm movement, with motility 
(rapid) and VCL being the 2 most important parameters (Hirano et al, 2001). Motility, LIN, 
curvilinear velocity, and average path velocity—but not VSL—may serve as prognostic indicators 
for the fertilization potential of sperm (Joshi et al, 1996). A strong correlation exists between 
morphology, VCL, VSL, ALH, and motility but not LIN (Stachecki et al., 1993). In human, a VCL 
greater than 25 mm/s was reported to be the most significant and independent CASA parameter for 
the prediction of male fertility potential (Larsen et al., 2000). 
 Various kinds of motion characteristics have been reported in many species including 
bovine (Anzar et al., 1991; Budworth et al., 1987), equine (Jasco et al., 1988) and canine (Ellington 
et al., 1993) using the CASA system. A high correlation coefficient between motility or velocity of 
bull spermatozoa and competitive fertility index was reported by Budworth et al. (1987). 
Significant positive correlations among HOST, MOT, VSL, VCL, ALH and VAP indicated the 
dependency of sperm kinematics on plasma membrane integrity (Mandal et al., 2003). The VSL of 
spermatozoa has been correlated with fertilization rates, and differences between the VSL of sperm 
from fertile and sub fertile males has been reported (Leidel et al., 1993; Liu et al., 1991; Wainer et 
al., 1996). The VSL of sperm is an indication of spermatozoa flagellar motion and thrust. These 
sperm-motion characteristics have been shown to be important in penetration of the zona pellucida 
(Katz et al., 1989) and in transport through oviductal mucus (Suarez et al., 1992). 
 Hyperactive motility of mammalian spermatozoa is regarded as important for penetrating 
the zona pellucida of oocytes (Yanagimachi, 1994) and has therefore been proposed for assessment 
of semen quality, particularly in men (Burkman, 1990; Mortimer, 1997 and Kay and Robertson, 
1998). CASA requires threshold values to differentiate between non-hyperactive and hyperactive 
spermatozoa. The values reported for human (Mortimer and Swan, 1995 and Mortimer, 1997), ram 
(Mortimer and Maxwell, 1999) and rat (Cancel et al., 2000) spermatozoa are different and reflect 
the species-specific patterns of sperm movements. Nevertheless, the commonly used parameters to 
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identify hyperactive spermatozoa are a decrease in curvilinear velocity (VCL) and linearity (LIN) as 
well as an increase in lateral head displacement (LHD) (Mortimer 1997). For boar spermatozoa a 
decrease in VSL and an increase in VCL, resulting in a reduced linearity, were reported upon 
hyperactivation (Suarez et al., 1992). Although there are some differences in absolute values, 
especially in VCL after hyperactivation, the tendency of the changes upon hyperactivation has been 
confirmed. 
 When measuring sperm velocity, CASA evaluates 3 motility characteristics; velocity 
average path (VAP), velocity straight line (VSL) and curvilinear velocity (VCL). Curvilinear 
velocity is the total distance in an observation period that the sperm head can traverse, and it has the 
largest numerical value of the three velocities. From one point to another, VSL measures the 
straight-line distance in an observation period and has the smallest numerical value. Average path 
velocity measures the distance the spermatozoa has traveled in a general direction in a given 
observation period. Another useful measurement is the beat cross frequency (BCF), which counts 
the number of times that the sperm head crosses the direction of movement. Beat cross frequency is 
a valuable measurement because it assesses the number of times the flagellar beat changes its 
pattern. The average amplitude of the lateral head displacement (ALH) measures the width of 
movement made by the lateral head of the spermatozoa. Linearity (LIN) is evaluated by looking at 
both VSL and VCL and then dividing VSL by VCL. The technology of CASA has been used in 
studies exploring sperm motility measurements of many species such as rats (Moore and Akhondi, 
1996), bulls (O’Conner et al., 1981), boars (Holt et al., 1997), rabbits (Farrell et al., 1993), turkeys 
(Bakst and Cecil, 1992), and humans (MacLeod and Irvine, 1995). 
 Sperm motility in toms measured by CASA showed a higher VSL and VAP in high-mobility 
spermatozoa than in average- or low-mobility spermatozoa (Donoghue et al., 1998). 
 The fresh semen of boars (Vizcarra and Ford, 2006) and turkeys (King et. al., 2000) showed 
a significant correlation between sperm mobility and CASA measurements (PGM, BCF, VAP, 
VCL, and VSL), where as with stored semen, there was no correlation. This finding indicates that 
higher-mobility sperm swam faster than the low-mobility sperm as indicated by BCF, VSL and LIN 
being velocity measurements (King et al., 2000). 
 Significant differences were found between the high and the low groups in %MOT (sperm 
motility) (91.1 ± 8.5 vs 63.0 ± 32.7, mean ± SD), VAP (73.0 ± 14.2 vs 52.1 ± 12.5), VCL (127.0 ± 
28.1 vs 87.0 ± 22.6), % HA (hyper activated sperm) (27.3 ± 23.6 vs 7.2 ± 9.0) and %FR [73.2 
(48/56) vs 59.0 (69/117)]. No significant differences were found in other CASA parameters (Kasai 
et al., 2002).  
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 Progressive motility (%) ,Total  motility (%), VCL, VSL, VAP, LIN, STR, WOB, ALH and 
BCF  at Control 40.2 ± 1.2, 59.0 ± 1.4, 115.8 ± 2.0, 87.1 ± 2.2, 98.3 ± 2.1, 74.0 ± 0.7 87.1 ± 0.4, 
83.9 ± 0.5, 2.7 ± 0.16 & 6.1 ± 0.1 and at 1 mM GSH were 41.00 ± 1.4, 61.8 ± 1.6, 114.0 ± 2.1, 84.2 
± 2.0, 96.9 ± 2.1, 72.3 ± 0.7, 85.4 ± 0.5, 83.7 ± 0.4, 2.87 ± 0.0 & 5.8 ± 0.1 and at  5 mM GSH  43.6 
± 2.0, 59.3 ± 1.3,  118.5 ± 2.00,  88.7 ± 2.1,  100.3 ± 2.1 73.6 ± 0.7, 87.1 ± 0.4,  83.5 ± 0.5,  2.8 ± 
0.0 and 6.1 ± 0.1 respectively  (Joaquı et al.,2007). 
 Before swim-up, there were significant correlations between fertilization rates and CASA 
estimates, including amplitude of lateral head displacement (ALH), curvilinear velocity (VCL), 
straight line velocity (VSL) and rapid sperm movement (Rapid). There was also a significant 
correlation between the fertilization rates and straightness (STR) after swim-up. As for sperm 
movement characteristics, there were significant differences of ALH (p < 0.005), VCL (p < 0.001), 
VSL (p < 0.005) and Rapid (p < 0.01) between "good" and "poor" groups before swim-up. After 
swim-up, there were significant differences of VCL (p < .0005), average path velocity (VAP) (p 
<0.005), and Rapid (p < 0.05) between the two groups (Hirano et al., 2001). 
 Percentage motility (by CASA) ranged from 33.08 in the control group to 37.98 in the 5mM 
GSH group. Most of the motion parameters were affected by the freezing batch, but they presented 
a similar pattern under the same treatments. Although no significant differences were found for 
percentage of motility (both CASA and microscopic analysis), a slight tendency toward an increase 
in percentage motility was observed when GSH is added (Gadea et al., 2005b). 
Conception Rate 
 The age of semen had no influence on 60 to 90 day non- return rate. It was noted that bulls 
with the greatest decline in forward motility during the freezing process had the lowest fertility 
rates; where as decline in forward motility during the storage period apparently did not influence 
fertility (Gemeinhardt, 1969).  
 Lundgren (1980) observed lower non-return rate with frozen semen stored for longer period 
as compared to recently frozen semen. 
 Chauhan et al. (1983)   found the conception rate to first insemination to be 51.1% and 
overall conception rate with 2.5 services, having no significant differences between the years of 
preservation.  
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 Bukowinski and Kucharski (1989) observed in four artificial insemination stations and 
found the 60 day non return rate to first insemination to be 74.0, 74.5, 72.7 and 73.0% with the 
corresponding calving rates of 72.0, 67.9, 71.4 and 55.4% respectively.  
 Konstandoglo (1989) found a lower conception rate to first insemination with   cross bred 
bull semen having spermatozoa with chromosomal abnormality.  
 Chenoweth (1990) evaluated a significant correlation between conception rate with scrotal 
circumference, sperm motility and the proportion of sperm abnormalities as 0.58, 0.47 and 0.40 
respectively.  
 Semen having less than 50% post thaw motility was not correlated with fertility and ascribed 
the cause of reduced non return rate to reduced capability to survive in female genital tract or higher 
no. of incompetent spermatozoa at the site of fertilization (Soderquist et al., 1991).   
 Wolf (1996) found in young and old bulls that the 90 day non-return rates (P<0.05) in cows 
inseminated with frozen thawed semen to be 56.9% and 51.2% respectively. 
 Mostari et al. (2005) investigated dairy performance among various seasons through semen 
quality and 30 day non return rate and evaluated that the season had no significant effect on sperm 
fertility and sperm motility of diluted semen. The significant (P<0.01) bull to season interaction was 
noticed in semen volume, initial sperm motility, post thaw percentages, PH and fertility but not on 
sperm motility of diluted semen.  
 There was no significant difference in pregnancy rates at 60 days after AI between the 
extenders containing egg yolk (66.7%, 20/30 animals) or BSA (65.5%, 19/29 animals). 
Furthermore, there was no significant difference in the lambing rates (66.7% and 62.1%) and 
prolificacy (1.25 and 1.56) between the two semen extenders. This indicates that a semi-defined 
semen extender containing 10% BSA produces fertility after intrauterine AI that is similar to that 
achieved with semen extender containing egg yolk. Fertility rate of bulls showed negative 
correlation (p<0.05) with sperm abnormality percent (p=0.93) (Mandal et al., 2007). 
 The bull wise first insemination conception rate for semen frozen with tris extender were 
44.40, 61.90, 47.30 and 57.80 % respectively and corresponding values for Biociphos plus extended 
semen were 66.7, 55.0 47.6 and 42.8 % for four bulls Viz, HF-555, HF-1473, HF- 1477 and HF- 
1492 respectively (Patil et al., 2008). 
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MATERIALS AND METHODS 
 The present study was under taken in the Department of Animal Reproduction, 
Gynaecology and Obstetrics, Orissa Veterinary College, Bhubaneswar, in collaboration with the 
Frozen Semen Bank, Cuttack during the period of July’07 to July’08. The experiment envisaged use 
of two semen additives viz. reduced glutathione and cysteine hydrochloride in routine semen 
extender used for cryo-preservation. The efficacy of such applications was evaluated on the basis of 
their seminal traits and conception rate following artificial breeding.      
 SOURCE OF ANIMALS  
 Three good freezable and three poor freezable Jersey Crossbred bulls belonging to Frozen 
Semen Bank, Cuttack under Animal Husbandry & Veterinary Services, Government of Orissa were 
selected for this study. The semen from these bulls was routinely used for Artificial Insemination 
following collection and ultra low freezing. The bulls were within age group of 4 to 6 years and 
were maintained under optimum nutrition and managemental practices as per the standard criteria 
fixed for maintenance of breeding bulls in bull stations.  
COLLECTION OF SEMEN 
 The semen was collected at homosexual mount by artificial vagina (AV) twice a week as 
described by Williams (1920). A total of 36 ejaculates @ 6 from each bull were collected for 
assessment and preservation. The semen so collected was examined microscopically and all routine 
seminal traits were recorded. The samples were then processed and finally preserved in Liquid 
Nitrogen. Post freeze seminal traits were also recorded after usual thawing.  
ROUTINE SEMEN EVALUATION  
Colour  
 Colour of semen was determined by visual inspection and was recorded immediately after 
collection. Any abnormal colored semen sample other than white and yellow colour was discarded.   
Volume  
 The ejaculated volume was noted directly from the graduated semen collection tube and 
recorded in milli liter. 
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 Mass Activity  
 Soon after collection of semen, a small thick drop of undiluted semen was taken on a pre-
heated clean glass slide and examined  under microscope with biotherm arrangement (37oC).Mass 
activity of neat semen was graded with a scale “O” to +++ as described by Bhosrekar ( 1990). 
Individual Motility  
 The individual motility of the semen sample was examined under microscope by standard 
procedure described by ZemJanis (1970). 
Sperm Concentration 
 The sperm concentration was measured using photo electric colorimeter described by 
Paulenz et al. (1995). 
 After warming up the equipment, 6.0 ml sodium citrate solution (2.9%) was taken in a 
cuvette and the equipment was set to 100% transmittance. To this 0.1 ml Neat semen was added and 
gently mixed. The cuvette was placed in side the bovine photometer and reading (% transmission / 
optical density) was recorded. This reading was translated into sperm concentration with the help of 
a standard graph prepared by haemocytometer technique. 
 The percentage of transmission recorded by the photometer had to be translated to the sperm 
concentration. For this the percentage transmission had to be recorded for a large number of semen 
samples of different sperm concentrations. The actual sperm concentration of the samples was 
estimated by the conventional haemocytometer method. This gave a fundamental relationship 
between the percentage of transmission and sperm concentration. Based on this relationship a 
working table showing the percentage of transmission and the corresponding sperm concentration 
could be worked out using graphic or mathematical technique. 
Procedure 
 1.6 ml distilled water containing 2.96 % sodium citrate was taken in the cuvette , the cuvette 
was inserted into the photo electric meter and the refractive index was adjusted to 100%.If it did not 
show 100% it was adjusted by using knob. Unless 4 and 5 were fulfilled the instrument was not 
used for evaluation of semen concentration. The optical density of the semen was recorded and 
using the ready reckoner chart, sperm concentration was assessed and recorded. 
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Live Sperm Percent 
 Live and dead count of spermatozoa was done by Eosin – Nigrosin stain as described by 
Yavuz (2001).   
Assessment of Sperm Plasma Membrane Permeability 
 Assessment of sperm plasma membrane permeability was described by Bruno and Jacques 
(1996). Propidium Iodide (PI), which binds to and stains cellular DNA, is impermeable to the 
plasma membrane (Garner and Johnson, 1995). 
 PI has previously been used to assess membrane integrity in mammalian spermatozoa and 
has been shown not to stain intact spermatozoa. The number of spermatozoa permeable to PI among 
highly motile sperm populations was scored.  
Procedure  
 Stock solution (10µl) of PI (0.5 mg/ml in PBS, stored in the dark at –20oC) was added to 1 
ml of the sperm preparation. Then 10 µl of the resulting suspension was placed between slide and 
cover slip for observation under both phase contrast and epi-fluorescent microscopy. This 
simultaneous observation was obtained by maintaining the light intensity at a sufficiently high level 
to score non –fluorescent and fluorescent spermatozoa under phase contrast microscopy and 
sufficiently low to visualize the red fluorescence of PI- permeant spermatozoa.  Percentages of 
spermatozoa permeant to PI were estimated from at least 200 spermatozoa per preparation. 
Live and dead assessment of sperm by plasma membrane permeability 
 The procedure was followed as described by Selvaraju et al. (2007) and live and dead 
percentage of sperm was recorded. 
Procedure 
 Fluorogenic staining was carried out by incubating 80 l of semen with 100l  of phosphate 
buffered  saline (PBS) based CFDA/PI staining solutions. The stock and staining solutions were 
kept frozen until used. CFDA/PI staining solutions contained 0.8 l of CFDA stock solution (4 
mg/ml in DMSO) and 5l of PI stock solution (0.27 mg/ml in PBS). The semen samples were 
incubated at 37 ◦C for 15 min. After incubation, 10 l of 0.2% glutaraldehyde was added to the 
solution and 4–5 l of the stained sample was placed on warm slide, a cover slip was applied, and 
the preparations were examined under magnifications of ×400 using an HBO 50 mercury lamp 
illuminated, epic-fluorescence microscope (Nikon eclipse 50i) equipped with CFDA filter set 
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(excitation filter, 510–560 nm; emission filter, 505 nm).  A minimum of 200 sperms of each frozen 
thawed sample were observed. The sperm showing complete green fluorescence were considered 
plasmalemma intact (live), and the cells showing partial or complete red nuclei were classified as 
dead. 
Abnormal Sperm Morphology study  
 Abnormal morphology of spermatozoa was studied by examination of wet smear and dry 
smear. Wet smear were prepared by suspending semen in formal saline solution (Hancock, 1952) 
and dry smears were stained with Rose Bengal stain (Herman and Madden, 1953). Percentage of 
abnormal sperm was recorded.   
Study of Acrosomal integrity Status 
Fluorogenic Staining (FITC-PSA) 
 Fluorogenic staining (FITC-PSA) for acrosomal integrity of sperm was done as was 
described by Selvaraju et al. (2007). 
Procedure  
 Semen samples were thawed at 37oC for 35 seconds in warm water bath, washed with BO 
media containing 0.6 % BSA (0.6 gm in 100 ml distilled water) and centrifuged at 2000 rpm for 
5min. 0.5 ml samples at the bottom was left and mixed slowly and thoroughly. Mixed samples were 
thoroughly smeared on a grease free slide. Smears were fixed with methanol for 10 minutes and 
washed three times with DPBS (Dulbecco’s modified Phosphate Buffered Saline) media containing 
BSA. 50 µl of freshly prepared final working staining solution (FITC-PSA, 5µg/ ml  and  PI 7 µg/ 
ml) was put on to the slides (Fluoresein isothiocyanate-Pisum Sativum Agglutinin, stock- 1mg/ml 
with Propidium iodide, stock 0.27mg/ml) and incubated  the slides in the dark for 25 min, washed  
three times with DPBS and were dried in a dark room. A drop of 80% glycerol with DPBS (8ML 
glycerol + 2ml DPBS) was put over the slide and covered with cover slip and sealed tightly. The 
preparations were examined under magnifications of ×400 using an HBO 50 mercury lamp 
illuminated,  epifluorescence microscope (Nikon eclipse 50i) equipped with CFDA filter set 
(excitation filter, 510–560 nm; emission filter, 505 nm). A minimum of 200 sperms of each frozen 
thawed sample were observed. 
 The sperm showing complete green fluorescence were considered plasma lemma intact 
(live), and the cells showing partial or complete red nuclei were classified as dead. 
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Incubation Study 
 The incubation study of the semen samples were conducted as per method described by 
Kumaresan et al. (2005). Randomly selected straws from treatment and control groups were thawed 
at 37oC for 30 seconds and the semen was pooled and washed twice by centrifugation in protein 
free sperm-TALP (pH 7.3). Then the sperm pellet was dissolved in incubation media i.e. sperm 
TALP containing 6 mg/ml of bovine serum albumin (BSA) and incubated for 4 h at 37oC. The 
motility, viability and acrosomal integrity were assessed at hourly interval to find out the effect of 
Cysteine and Glutathione on spermatozoan characteristics during incubation. 
Fluorogenic assessment of Mitochondrial Membrane Potential 
 Several fluorescent probes have been used to evaluate sperm mitochondrial function. 
Mitochondrial probes are actively transported into actively respiring mitochondria, therefore, the 
more active the mitochondrial respiration, the more probe is accumulated. Rhodamine 123 was 
initially used to evaluate sperm mitochondrial function (Graham et al., 1990; Evenson et al., 1982), 
but can only differentiate between respiring and non-respiring mitochondria. More recently, JC-1 
has been used to assess spermatozoal mitochondria function (Garner et al., 1997; Thomas et al., 
1998). 
  At low concentrations, JC-1 remains in the monomeric state and fluoresces green. However, 
at high concentrations, JC-1 forms aggregates that fluoresce orange. Therefore, JC-1 has not only 
the ability to distinguish functional from non-functional mitochondrial, but permits different levels 
of mitochondrial function to be determined by intensity of mitochondrial ‘orangeness’. In support of 
sperm motility being a measure of mitochondrial function, the percentages of sperm with 
functioning mitochondria is highly correlated to sperm motility, regardless of whether rhodamine 
123 (Evenson et al.,1982; Auger et al.,1989) or JC-1 (Garner  et al.,1997; Thomas  et al.,1998) is 
used to evaluate mitochondrial function. 
 Mitochondrial membrane potential was assessed by using JC-1 (5, 5’, 6, 6’-tetrachloro-1, 1’, 
3, 3’- tetraethylbenzimidazolylcarbocyanine iodide) as per Selvaraju et al.(2007).  
Procedure 
 Three micro liters of a prepared solution (1.53mM  JC-1 in dimethyl sulfoxide) was added to 
a 100 μl sample of frozen thawed sperm (80×106/ml),  and incubated for 30 min at 37◦C and 
counterstaining of nuclei was performed with 10 μl of  PI stock solution (0.27 mg/ml).Then, cells 
were washed once in PBS and resuspended in PBS, smeared, and analyzed with an HBO 50 
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mercury lamp illuminated, epifluorescence microscope (Nikon Eclipse 50i) equipped with CFDA 
filter set. A minimum of 200 sperms were observed at × 400 magnifications. The cells with 
yellowish to orange fluorescence (aggregates) in the mid piece were considered as cells having 
mitochondrial membrane potential. 
Lipid Peroxidation Assay (LPO)                      
 Lipid peroxidation level of sperm and seminal plasma was measured by determining the 
malonaldehyde (MDA) production, using thiobarbituric acid (TBA) as per the method of Buege and 
Aust (1978) and modified by Suleiman et al. (1996). 
Procedure  
 The straws were cut and the semen was centrifuged at 3000 rpm for 15 min and the seminal 
plasma was removed. Then the sperm pellet was resuspended in 2ml of PBS (pH 7.2) or a variable 
volume to obtain a sperm concentration of 20X106 /ml. Lipid peroxide levels were measured in 
spermatozoa after the addition of 2ml of TBA-TCA reagent (15% w/v TCA, 0.375% w/v TBA and 
0.25 N HCL) to 1ml of sperm suspension. The mixture was treated in a boiling water bath for 1 
hour. After cooling, the suspension was centrifuged at 3000rpm for 10 min. The supernatant was 
then separated, and absorbance was measured at 535 nm. The MDA concentration was determined 
by the specific absorbance coefficient (1.56 x 105mol/cm3). 
MDA produced (mol/ml)       
)ml1(volumeTest1056.1
)ml3(volumeTotal10OD
5 

6
 
     
56.1
30OD   
Feulgen’s Staining Technique for Examination of DNA 
A. 10 percent neutral buffered -formalin solution 
Sodium phosphate, monobasic (NaH2PO4)        4g 
Sodium phosphate, dibasic (Na2HPO4)         6.5g 
Formaldehyde (37 to 40 percent)               100 ml 
Distilled water                  900 ml 
B. Sulfate water  
 10 percent (w/v) Potassium Metabi-sulfite (K2O5S2)  5 ml 
 5 N HCl         5 ml 
41 
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 Distilled water                  90 ml 
 This should be prepared fresh. 
Procedure  
 The smear was prepared in neat semen and allowed it to air dry for at least 1 hour, fixed in 
10 percent neutral buffered formal saline for 15 minutes and washed in running water for 10 
minutes. The smear was hydrolyzed in 5N HCL for 30 minutes, washed in running water for 5 
minutes and dipped in Schiff’s reagent for 30 minutes. The slide were rinsed in sulfate water for 2 
minutes and repeated for three times. They were washed in running water for 10 minutes and dried 
in air, and examined at x 1000 under phase- contrast microscope. 
Cervical Mucus Penetration Test (CMPT) 
 The action of estrogen that is being produced by the developing follicle increases the 
amount of mucus, improves its elasticity (Spinnbarkait test) and causes the micelles within the 
mucus to straighten and allow the passage of the spermatozoa .There is positive correlation. 
 
Collection of cervical mucus 
 Cervical mucus was collected from estrous cows using a plastic insemination sheath as per 
Dabas and Maurya (1988) and evaluated for sperm receptivity (Pattabiraman et al., 1967). 
 After manipulation of the uterus and cervix per rectum to extrude mucus into the vagina, the 
mucus is aspirated from anterior vagina from the estrous cow using a sterilized plastic insemination 
sheath connected to a 20 ml syringe and the mucus was transferred immediately to the screw capped 
vials or test tube and transported to the laboratory. 
Evaluation of mucus samples 
 The collected mucus was evaluated for the following characters 
1. Spinbarket test: Should have good elasticity to be selected. 
2. Ferning (Fern pattern): Mucus showing typical fern like crystallization should be selected. 
3. White side test: A white side test using 5% sodium hydroxide should be done to evaluate the 
mucus for the infection. 1 ml of mucus should be heated with 1 ml of 5% sodium hydroxide upto 
the boiling point and the sample which developed yellow colour should be considered positive for 
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mild endometritis and should not be used for test. Only the samples show clear colour should be 
selected. 
4. Sperm Receptivity: A small portion of mucus and drop of semen should be put in a glass slide 
under a cover slip and incubated for 15-30 minutes at 37oC. Mucus receptivity to the spermatozoa is 
assessed by the formation of phalanges in mucus. Mucus samples with inadequate migration should 
be discarded. 
Procedure 
Capillary tube technique 
 Non-heparinzed hemtocrite capillary tube 80 mm length and 0.8 mm diameter is utilized for 
the test. To aspirate the mucus into the capillary tube loading manifold should be prepared from a 
scalp vein set and 5 ml syringe. The needle from one end of the scalp vein set was removed and the 
capillary tube should attach. The other end was attached to 5 ml syringe. The mucus sample is 
aspirated in to the attached end of the capillary tube by drawing the plunger of the syringe. Trilling 
mucus was cut with scissors, leaving a small amount protruding from the filled end of the tube. The 
capillary tube was then removed from the loading manifold, China clay /PVC powder was used to 
plug one end of the tube and the tube is allowed to stand for 5 minutes at 38oC. If the mucus 
contracts during the period the mucus column was adjusted by plugging more clay.  
A glass slide was graduated by scoring millimeter marks along side using a diamond pen. A 
sperm reservoir (cuvette of photometer can be used) in then glued on to the graduated slide. The 
reservoir was filled with the semen under test; one end of the capillary tube with the mucus 
protruding slightly was placed in the semen and the tube laid between the supports on the slide. The 
system was now laid horizontally in a Petridis together with some moistened filter paper to proved 
humidity and incubated at 37oC for one hour. The capillary tube was now examined under X400 
magnification phase control microscopic and the distance traveled by the sperm up the tube was 
ascertained. This distance traveled by the vanguard of the sperm was measured in milliliters (Anil 
Kumar and Devanathan, 1995). 
 The average sperm progression speed (SPS) through the mucus column was calculated in 
micron /second (Gaddum Rosse et al., 1980). Difference among bulls and individual mucus samples 
were tested by factorial experiment in randomized block design. 
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SEMEN PRESERVATION  
 Semen collected from 6 bulls (Three Good freezable and three poor freezable) were 
preserved at -1960C in Liquid Nitrogen.  
 Extenders containing different additives with tris as a base were assigned to three groups  
 Group I: Egg Yolk Tris Glycerol (EYTG) extender as control.  
 Group II: EYTG extender with addition of Cysteine @5 mM as additives.   
 Group III: EYTG extender with Glutathione@ 5 mM as additives. 
PREPARATION OF STANDARD EYTG DILUENT  
 The standard protocol for preparation of EYTG was followed and fresh extender is prepared 
on daily basis just before collection in the morning hour.  
Preparation of standard tris diluent  
Tris Buffer    – 2.42 gm. 
Citric Acid    – 1.36 gm.  
Fructose    – 1.0 gm. 
Triple Distilled Water  – 73.6 ml.  
 The mixture was autoclaved at 5 PSI pressure for 20 minutes, cooled and kept in refrigerator 
at 40C. The following ingredients were added to the freshly prepared Tris diluent and mixed for 30 
minutes with the help of a magnetic stirrer. 
 Egg Yolk        – 20.0 ml 
 Glycerol        – 6.4 ml 
 Antibiotic (Ambistrin®)      – 0.1 gm 
 Antibiotic (Benzyl Penicillin)    – 1.0 lakh units  
PREPARATION OF STRAWS 
 Breed, Bull No., Date of collection and Center of production were printed on straws by 
automatic printing machine. Straws of different colour were used for different extenders.  
 Group I: Red straws for standard EYTG diluent (control) 
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 Group II: White straws for standard EYTG diluents plus Cysteine Hydro chloride extender 
 GroupIII: Orange straws for standard EYTG diluents plus Glutathione                   
   extender.  
POST THAW SEMEN EVALUATION  
 Randomly selected straws were taken from different groups and thawed for 30 seconds in a 
water bath maintained at 370C. Following thawing of semen straws, several semen evaluation tests 
will conducted to determine the quality of semen. 
POST THAW MOTILITY  
The post thaw motility was assessed as per method described by Amelar et al. (1980).   
POST THAW HYPO-OSMOTIC SWELLING TEST 
 Hypo-Osmotic Swelling Test (HOST) of spermatozoa, as an in-vitro fertility test, was 
conducted to evaluate the semen sample in the procedure as described by Ravell and Morde (1994).  
Preparation of HOST solution  
Ingredients Raw Semen Test  
Fructose  13.51gm  
Tri Sodium Citrate  7.35gm  
Distilled Water (up to) 1000ml  
Osmolarity   (mOsm kg-1) 150  
Procedure 
 5 to 10 micro liter of semen was mixed with 1ml of test solution after being thawed at 370C 
for   30 seconds. Semen with test solution in small vial or test tube was incubated for 1 to 2 hours at 
350C.After incubation the mixture was well mixed and a small drop was put on a pre warmed 
microscopic slide and covered with a cover slip. The slide was examined on a warm stage at 400X 
magnification under phase contrast optics. A total 200 sperm are counted in at least 5 different 
fields. A drop is placed in the counting chamber and 200 sperm are counted in 5 squares. The 
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proportion of sperm cells exhibiting hypo osmotic swollen positive response was expressed as 
percent (Correa et al., 1997).  
 The percentage of swollen sperm was calculated by the following formula  
   100
countedspermofnumberTotal
swollenspermofNumber   
COMPUTER ASSISTED SEMEN ANALYSIS (CASA)  
 Analysis of the motion parameters were determined using a CASA system (Sperm Class 
Analyzer, Microptic, Barcelona, Spain) at 0,  1.00 hr, 2.00hrs and 4.00hrs following thawing the 
semen sample. Analysis was described by Joaquı et al., 2007 and was based on the examination of 
twenty-five consecutive digitalized images per second using a 10X negative phase contrast 
objective (Nikon, Eclipse E200) and fitted with stage warmer (Linkam  DC 60).The CASA-derived 
motility characteristics studied were total motility (%), progressive motility (%), curvilinear 
velocity (VCL in m/s is the average path velocity of the spermatozoa head along its actual 
trajectory ), straight-line velocity (VSL, um/s VSL in m/s is the average path velocity of the 
spermatozoa head along a straight line from its first to last position), average path velocity (VAP, 
um/s), linearity of the curvilinear trajectory (LIN, (%)). LIN is the ratio between VSL and VCL), 
straightness (STR, ratio of VSL/VAP, (%)), wobble of the curvilinear trajectory (WOB, ratio of 
VAP/VCL, %), amplitude of lateral head displacement (ALH in m/s is the average value of the 
extreme side-to-side movement of the spermatozoa head in each beat cycle.) and beat cross-
frequency (BCF, Hz). The parameters set were frame rate: 60 Hz frame acquired: 25, minimum 
contrast: 30, cell size (range 5 to 70 microns2), spermatozoa concentration (5 to 8 x 106 /ml), and 
motile cells (>10 m/s at 37C), progressive forward motility (>80% straightness index, STR); 
circular movement (<50% linearity index, LIN). 
 Motility analysis was carried out in 5 l of semen samples (0.25mldiluted semen in 1.75 ml 
of Tris buffer) placed onto a pre-warmed (37C) microscopic slide covered with the 18x18 mm2 
cover slip. A minimum of 200 spermatozoa from at least two different drops of each sample were 
analyzed from each specimen. The number of objects incorrectly identified as spermatozoa were 
manually removed and final analysis was done for each sample. 
INSEMINATION  
 Out of six collections from three good freezable and three poor freezable bulls, a total 
number of 2010 French mini straws were prepared, which were subdivided into two experimental 
46 
 
N
at
ur
e 
Pr
ec
ed
in
gs
 : 
do
i:1
0.
10
38
/n
pr
e.
20
12
.6
99
8.
1 
: P
os
te
d 
18
 M
ar
 2
01
2
groups and one untreated control group. About 250 straws were utilized for conducting different 
motility studies including CASA and other staining and biochemical studies. The rest of the semen 
straws were dispatched to Teaching Veterinary Clinical Complex, Orissa Veterinary College, 
Bhubaneswar and Veterinary Dispensary of different centers like Sahid Nagar, Nayapalli and 
Konark. Inseminations were carried out in healthy, normally cycling heifers and cows by qualified 
veterinarian.  
CONCEPTION RATE 
 The fertility of the experimental groups were (straws contained additives) assessed on the 
basis of actual pregnancy diagnosis between 55-60 days post insemination.  
 The conception rate was calculated for different groups are as follows.  
Conception rate (%) 100min 
AIofNumber
tionnirstinseconceivedicowsofNumber  
DATA ANALYSIS  
 Data obtained was subjected to statistical analysis as per standard methods described by 
Snedecor and Cochran (1967).  
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RESULTS 
 In the present investigation three Good and three Poor freezable crossbred Jersey bulls 
belonging to Frozen Semen Bank, Cuttack, Government of Orissa were selected and six ejaculates 
from each bull diluted with Tris extender with out additives was considered as Control (Group I) 
incorporation of additives either reduced Glutathione (Group III) or Cysteine hydrochloride (Group 
II) as semen additive before cryo preservation at -1960C in liquid nitrogen was also taken up. 
Routine semen evaluation was carried out prior to extension of semen without additives. Various 
seminal characteristics like volume, mass activity and individual motility, live sperm count, sperm 
abnormalities and acrosomal damage were investigated. Some of the parameters were also assessed 
consequent to post freezing. Besides this, specific in-vitro test like HOST and CMPT were 
conducted in post freezing semen samples. The efficacy of semen additives like Cysteine 
hydrochloride and Glutathione were assessed on the basis of seminal traits and the resultant 
conception rate following artificial insemination. The data generated were presented in tabular 
form. 
SEMINAL ATTRIBUTES OF GOOD AND POOR FREEZABLE CROSSBRED BULLS 
 The routine semen analysis and certain in-vitro fertility tests were undertaken from the 
semen samples collected from three good and three poor freezable crossbred bulls. The result of 18 
ejaculates obtained from good freezable bulls and 18 ejaculates obtained from poor freezable bulls 
were presented in table-I. It was observed that the volume (ml),mass activity (grade),individual 
motility (percent),sperm concentration (x106/ml),live sperm (percent),total sperm abnormality 
(percent),loss of acrosomal integrity (percent) and hypo-osmotic swelling positive sperm (percent) 
were estimated to be 6.4 ±0.41, 2.5 ± 0.13, 77.13± 0.60, 1240.26 ±82.77, 89.95± 0.49, 6.33 ±0.19, 
6.46 ± 0.9 and 85.78±0.42 respectively in semen samples of good freezable crossbred bulls. 
Similarly for the poor freezable bull semen the values were found to be 5.2± 0.36, 2.4 ± 0.13, 
75.33± 0.77, 1007.53 ±50.28, 85.22 ±0.28, 9.39 ± 0.27, 12.73± 1.12 and 80.38±0.32 respectively 
(Table-1). The test of significance  revealed that a highly significant (p< 0.01) difference exists  
between good and poor freezable bull semen with  respect to individual motility, percent of live 
sperm, total sperm abnormality, loss of acrosomal integrity and hypo-osmotic swelling positive 
spermatozoa. Similarly a significant (p< 0.05) difference was found between volume and sperm 
concentration.   
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POST THAW SEMEN EVALUATION 
Motility 
 The semen after initial evaluation, divided into three groups i.e., group I (control), Group II 
(cysteine hydrochloride) and group III (glutathione) were estimated for certain seminal attributes, 
in-vitro tests, biochemical tests and sperm functional tests. It was revealed from the present 
investigation that in good freezable bull semen the motility was highest in group III (74.12 ± 0.39) 
and lowest in group II (61.83 ± 0.48) and in group I, it was (62.08 ± 0.39). The motility (percent) in 
poor freezable bulls showed the highest in group III (66.83 ± 0.42) followed by group II (59.06 ± 
0.82) and group I (54.32 ± 0.24). Analysis of variance has revealed that a high significant difference 
(p< 0.01) exists among various experimental groups irrespective of good or poor freezable 
crossbred bulls under study (Table 2).  
 Test of significance has revealed that there was no significant difference among good 
freezable crossbred bulls between group I and group II, but both the values were significantly 
different (p< 0.01) from group III. In poor freezable crossbred bulls group I differed significantly 
(p< 0.05) from group II, where as the motility value for group  III has registered a highly significant 
difference (p< 0.01) from group  I and group  II. 
Livability 
 The total live sperm (per cent) in good freezable and poor freezable bull semen were 
estimated to be 63.09 ± 0.37 and 56.78 ± 0.56   in control (group I) where as in group II it was 
estimated to be 70.85 ± 0.32 and 60.92 ± 0.89 while it was 76.28 ± 0.37 and 69.32 ± 0.35, 
respectively in group III. A high significant difference (p<0.01) was also found between the 
treatment groups of both good and poor freezable semen with respect to the total live sperm per 
cent. 
 As regards to livability, each group differed significantly (p< 0.01) from each other. In poor 
freezing group the livability percent behaved similar to their good freezer counter parts exhibiting a 
highly significant difference between various combinations (Table 2). 
Total sperm abnormality 
 The total abnormal sperm percent in good freezable bull semen were estimated to be (9.45 ± 
0.94) when semen was diluted after incorporation with glutathione (Group III), whereas it was 
higher in group II (11.42 ± 0.74) and highest (13.18 ± 1.41) in the control group where there was no 
incorporation of such additives (group-I). Similar trends were observed in poor freezable semen 
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which was 14.26±0.18, 15.87 ± 0.26 and 18.06 ± 0.18 in group III, II and I respectively. Analysis of 
variance revealed a highly significant difference (p<0.01) in both the groups of good and poor 
freezable bull semen with respect to total sperm abnormality (Table 2).   
 The total sperm abnormality percent for group I was significantly different from (p <0.05) 
from group III, whereas rest of combination did not reveal any significant difference in good 
freezing group. Contrastingly the values for sperm abnormality from group I, II and group III 
differs significantly (p <0.01) from each other in poor freezable group. 
Loss of acrosomal integrity 
 The Loss of acrosomal integrity percent of sperm were estimated and values for Good 
freezable (group I, II and III) and Poor freezable crossbred Jersey bulls (group I, II and III) were 
recorded as 12.20 ± 0.71, 10.96 ± 0.92 & 8.44 ± 0.63 and 15.97 ± 0.5, 15.02 ± 0.7 &13.01 ± 0.60 
per cent, respectively.  Comparison of the values recorded for loss of acrosomal integrity of sperms 
in three different groups had registered highly significant difference (p< 0.01) (Table 3). 
 Loss of acrosomal integrity in good freezing bulls, the group I value recorded a highly 
significant difference (p <0.01) from group III, whereas it was not significantly different from group 
II. The group II value differed significantly (p< 0.05) from group III. 
 In poor freezing group the group I and group II has revealed no significant difference for the 
same parameters. But the loss of acrosomal integrity was lowest for group III and it was 
significantly different (p< 0.01) from other groups. 
Hypo-Osmotic Swelling Test (HOST) 
 Hypo-osmotic swelling positive sperm (per cent) in good freezable and poor freezable bull 
semen were estimate to be 65.74 ± 0.27 and 57.03 ± 0.322   in control (group I). Whereas in group 
II it was estimated to be 70.47±0.35 and 57.65±0.47, while it was 81.19 ± 0.3 and 71.29 ± 0.26 in 
group III respectively. A high significant difference (p<0.01) was also found to exist between the 
treatment groups of both good and poor freezable semen with respect to the Hypo-osmotic swelling 
positive sperm (Table 3). 
 The HOST values were significantly different (p < 0.01) between various experimental 
groups in good freezable crossbred bulls. The HOST value for group: III revealed a highly 
significant difference (p< 0.01) both from group I or group II in poor freezable crossbred bull 
semen. 
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Cervical mucus penetration test (CMPT) 
 Estimation of vanguard distance traveled by the Sperm in the cervical mucus with respect to 
the post thaw semen samples in the control, cysteine and glutathione group is shown in Table 3. In 
group III (glutathione), group II (cysteine) and group I (control) of good freezer, the vanguard 
distance in the cervical mucus were recorded (mm) to be 31.16 ± 1.09, 27.76 ± 0.98 and 25.84 ± 
1.35 respectively. Analysis of variance between the treatment groups registered a highly significant 
difference (P<0.01).  
 The corresponding value with regard to vanguard distance in the cervical mucus in poor 
freezable bulls were recorded as 25.44 ± 1.35, 23.35 ± 1.18 and 20.24 ± 1.09 mm, respectively. The 
difference between these three treatment groups has showed a high significant difference (P<0.01) 
(Table 3).  
 The CMPT value for group III in good freezing cross bred bulls was significantly different 
(p< 0.05) from group II and the difference was highly significant against group I. In poor freezing 
crossbred bulls semen the CMPT value for group III revealed a difference from group I (p < 0. 01) 
and from group II (p <0.05), but there was no significant difference between group I and group II. 
DNA fragmentation 
 Determination of DNA Fragmentation of sperm with respect to the post thaw semen samples 
in the control, cysteine and glutathione group is shown in Table-4. In good freezer, the DNA 
Fragmentation of Sperm were recorded to be 10.77 ± 0.67, 8.83 ± 1.13 and 6.94 ± 1.28 per cent in 
groups I, group II and group III respectively. Analysis of variance between the treatment groups 
with good freezable bull has registered a high significant difference (P<0.01).  
 Similarly the corresponding value with regard to DNA Fragmentation of Sperm in poor 
freezable crossbred bull was recorded as 24.70 ± 1.16, 16.42 ± 2.19 and 9.98 ± 1.17 per cent 
respectively. The analysis of variance between these three treatment groups of poor freezable 
crossbred bull showed a high significant difference (P<0.01).  
 The DNA fragmentation value of group II showed no significant difference with group I or 
group III, whereas group I differed significantly from group III (p< 0.05) in good freezer bulls. 
Comparison for DNA fragmentation value for group I against either group II or group III revealed a 
highly significant difference (p <0.01), whereas group II value differed significantly (p < 0.05) from 
group III (Table 4) in poor freezable bulls. 
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Lipid Peroxidation (LPO) 
 Measurement of Lipid Peroxide (Malondialdehyde) with respect to the post thaw semen 
samples in the group I, group II and group III were shown in Table 4. In good freezer 
Malondialdehyde production (Lipid Peroxide) were recorded (nmol/108 sperm) to be 2.73 ± 0.85, 
2.60 ± 0.76 and 2.17 ± 0.82 in group I , group II , and group III, respectively.  
 The corresponding value with regard to Malondialdehyde (Lipid Peroxide) in semen of poor 
freezable crossbred bulls was recorded as 3.68±1.65, 3.50±1.42 and 3.17±1.34 nmol/108 sperm 
respectively. Analysis of variance between the treatment groups revealed that there was no 
significant difference among groups both in good and poor freezable bulls. 
Mitochondrial Membrane Potential (MMP) 
 The Mitochondrial membrane potential (per cent) in good freezable and poor freezable bull 
semen were estimated to be 26.11 ± 3.27 and 25.93 ± 1.60 in control (group I) where as in group II 
it was estimated to be 28.63 ± 3.08 and 26.11 ± 2.96. While it was 29.78 ± 0.98 and 27.55 ± 1.64 in 
group III respectively. Analysis of variance between the treatment groups had revealed that there 
was no significant difference among groups both in good and poor freezable bulls (Table 4). 
Incubation test in pooled semen samples 
 The pooled samples of the frozen and processed semen from good and  from poor freezable  
crossbred bulls were put to incubation test at 0,1 hr,2 hrs and 4 hrs of incubation at 37oC. Instead of 
routine microscopic motility study, computer assisted semen analysis was employed to study 
forward progressive motility percent, non-progressive motility, total motility and static sperms and 
all were expressed in percent. The forward progressive motility ranged between 56.71 ± 2.42 (poor 
freezer) and 67.07 ± 1.67in good freezer. The progressive forward motility of 67.07 ± 1.67 recorded 
at 0 hrs was minimized to 42.84 ± 4.30 after 4 hr incubation. Similarly the poor freezer recorded a 
forward progressive motility percent of 56.71 ±2.42 at 0 hr which gradually minimized to 28.55 ± 
3.63 at 4 hrs of incubation. In all the cases, the difference in forward progressive motility per cent 
between the good and poor freezer was found to be significant (p< 0.05) except for at 1 hr 
incubation where the difference was highly significant (p< 0.01) (Table-5). 
 The non- progressive motility in good freezer at different incubation point from 0 to 4 hrs, 
ranged between 17.74 ±1.89 and 13.97 ± 2.47 while the value for the poor freezer ranged similarly 
between 21.71 ± 2.15 and 25.25 ± 3.11 at all the hrs of incubation which was recorded to be highly 
significant at (p< 0.01) level. 
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 The total motility percent recorded in good freezer dropped down from 84.80 ±1.87 at 0 hrs 
to 60.93 ± 3.53 at 4 hrs of incubation. Similarly the poor freezer has recorded the values between 
78.41 ± 2.75 and 50.05 ± 3.80. At all the hrs of incubation the difference between poor and good 
freezer inn total motility percent were recorded non significant except at 4 hrs of incubation which 
was significant at (p< 0.05) level. 
 The static sperm percent recorded for the good freezer as 15.20 ± 1.87 at 0 hrs was 
maximized to 39.07 ± 3.53 at 4 hrs incubation. The corresponding value for poor freezer was 
recorded as 21.59 ± 2.75 at 0 hrs which was maximized to 49.95 ± 3.80 at 4hrs incubation period. 
 The difference in static sperm percent between good and poor freezer were found to be non 
significant in all the hrs of incubation except at 4 hrs incubation where it was highly significant (p< 
0.01) (Table 5). 
Comparison of Motility between Control and Treatment Groups at different hours of 
Incubation 
 The Progressive Forward motility, Non-progressive motility, Total motility and Static 
sperms at 0 hr incubation of the semen treated with cysteine were 62.40±41.80, 19.23±28.75, 
81.63±27.63 and 18.37±27.63 percent respectively and the corresponding values of the glutathione 
and control groups were 61.70 ± 3.06, 20.18 ±3.14, 81.88 ±3.94 & 18.12 ± 3.94 and 61.57±31.50, 
19.75±19.49, 81.32±30.78 and 18.68 ±30.78 respectively. Analysis of variance between the 
treatment groups in all the motility parameters was not significant at 0 hr incubation (Table 6). 
 The Progressive Forward motility, Non-progressive motility, Total motility and Static 
sperms at 1 hr incubation of the semen treated with cysteine were 55.29 ± 6.87, 17.88 ± 3.71, 73.16 
± 6.89 and 26.84 ± 6.89 percent respectively and the corresponding value of the glutathione and 
control groups were 61.25±6.71, 22.54±3.94, 83.67 ± 3.07& 16.33 ± 3.07and 61.14 ± 4.58, 18.42 ± 
5.00, 79.67 ± 4.85 and 20.33 ± 4.85 respectively. Analysis of variance in between the treatment 
groups indicated a highly significant difference in the forward progressive, non- progressive and 
total motility and not significant in the static at 1 hr incubation. 
 The Progressive Forward motility, Non-progressive motility, Total motility and Static 
sperms at 2 hrs incubation of the semen treated with cysteine were 47.88±3.76, 18.91±4.60, 
66.79±6.31 and 33.21±6.31 percent respectively and the corresponding value of the glutathione and 
control groups were 50.81±5.83, 19.09±4.40, 69.90±2.43 and 30.10±2.43 and 48.32±4.03, 
17.78±1.86, 66.10±3.10 and 33.90±3.10 respectively. Analysis of variance in between the treatment 
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groups indicated not a significant difference in the forward progressive, non- progressive, total 
motility and the static sperms at 2 hr incubation. 
 The Progressive Forward motility, Non-progressive motility, Total motility and Static 
sperms at 4 hrs incubation of the semen treated with cysteine were 36.36±4.20, 18.03±3.72, 
54.39±4.26 and 45.61±4.26 percent respectively and the corresponding value of the glutathione and 
control groups were 36.68±7.30, 20.61±3.07, 57.29±5.65 & 42.71±5.65 and 34.03±5.91, 
20.76±2.91, 54.79±5.59 and 45.21±5.59 respectively. Analysis of variance in between the treatment 
groups indicated a no significant difference in the forward progressive, non- progressive, total 
motility and the static sperms at 4hrs incubation (Table 6). 
Computer Assisted Sperm Analysis (CASA) of velocity parameters of sperm 
 Besides the motility parameters such as progressive forward motility , non-progressive 
motility, total motility and static sperms already  studied through CASA during the incubation 
study, other important parameters like  the Curvilinear Velocity [(VCL) (μm/sec.)], Straight line 
Velocity [(VSL)(μm/sec.)], Average path Velocity [(VAP) (μm /sec.)], Linearity[(LIN) 
(%)],Straightness [(STR) (%)],Wobble [(WOB) (%)], Amplitude of Lateral Head [(ALH) (μm)] and 
Beat/Cross Frequency [(BCF)Hz]  were computed for each samples of good and poor freezable 
crossbred bull semen in experimental and control groups. The results were presented in Table 7. 
The Curvilinear Velocity [(VCL) was recorded to be higher (125.03 ± 4.33) at 0 hr incubation than 
group II (112.75 ± 4.42), but lower than group III (130.76 ± 3.47). Similar trend was also recorded 
at 2 hrs and 4 hrs but the poor freezable cross bred bulls in the experimental group recorded as VCL 
of 111.36±12.78 um/sec. which was showing nearly similar values in group II (110.08 ± 10.30) and 
much lower than the corresponding figure of group III (138.63 ± 4.10) at 0 hr incubation (Table 7). 
 The Straight line Velocity (VSL) (μm/sec.) of good freezable cross bred bulls at 0 hrs in the 
control group was recorded to be higher (93.43 ± 3.21) than both the experimental group II (76.20 ± 
10.37) and group III ( 91.84 ± 3.39) at 0 hrs incubation. Contrastingly at 1 hr, 2 hrs and 4 hrs of 
incubation the VSL of good freezable of the experimental group was in-between the corresponding 
figures of group II and group III, group III having the higher figures. The poor freezable crossbred 
also behaved similarly recording a figures of 79.72 ± 11.60 which was higher than that of group II 
(73.04 ± 8.29) and lower than that of group III (87.23 ± 11.03) at 0 hrs of incubation. For 1 hr, 2 hrs 
and 4 hrs of incubation however the poor freezable recorded lower values than that of group II and 
group III. 
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 The Straightness (STR)  of both good and poor freezable crossbred bulls in all the groups 
did not differ much at 0 hrs with corresponding figures of group II and group III except for the good 
freezable of group II recoding a higher value of  84.28±2.15 than corresponding figures of group I 
(84.09 ± 3.14) and group III (83.75 ± 1.67). 
 The Amplitude of Lateral Head displacement (ALH) in recorded with the good freezable of 
group II (4.01 ± 0.17) and group III (4.00 ± 0.16) were higher at 0 hrs of incubation than that of the 
experimental group (2.88 ± 0.03). However these differences gradually did not exists at 1hr and 4 
hrs of incubation. The poor freezable of both the experimental groups were similarly recorded 
higher trend than the experimental group at 2 hrs of incubation. The BCF did not differ much 
between the groups irrespective of the hrs of incubation (Table 7). 
 All the differences in different CASA velocity parameters between the treatment groups and 
control groups were mostly non-significant except for the Curvilinear Velocity (VCL) and 
Amplitude of Lateral Head displacement (ALH) (Table 7). 
Conception rate 
 During the period of experiment the conception rate involving 262 inseminations covering 
both control (79) and experimental groups (cysteine -85 and glutathione – 98) could be made 
available. The data were presented in the Table 8. 
 Among the good freezable highest conception rate of 72 per cent (37/51) was achieved in 
group III. The control group recorded a conception rate of 51 percent (15/29), while the group II 
recorded a conception rate of 60 per cent (25/51). A similar picture also was observed with poor 
freezable crossbred bulls recording a figure of 48 percent (24/50), 56 percent (25/44) and 59 percent 
(28/47) in group I, group II and group III respectively. The overall conception rate in three different 
groups was recorded as 49 per cent, 58 per cent and 66 per cent respectively. Comparison of 
pregnancy value by chi-square analysis did not reveal any significant difference between 
experimental groups extended with cysteine hydrochloride, glutathione or none.  
Correlation among sperm functional parameters and fertility 
 
 The present study revealed that MMP and loss of acrosomal integrity, lipid peroxidation 
levels, VSL, VCL, VAP, plasmalemma integrity had significantly (p < 0.05) large correlation with 
fertility. However, post-thaw sperm progressive forward motility had only non-significantly (p = 
0.07) moderate correlation with fertility (Table 9). 
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TABLE 1. SEMINAL ATTRIBUTES OF GOOD AND POOR FREEZABLE CROSS BRED BULLS 
 
 
Parameters
 
      
     Bulls 
 
Volume 
(ml) 
 
Mass 
Activity 
(grade) 
 
Individual 
motility 
(%) 
 
Sperm    
concentration 
(x106 /ml) 
 
Live sperm
(%) 
 
Total 
sperm 
abnormalit
y        (%) 
Loss of 
Acrosomal 
Integrity     
(%) 
 
HOST    
(%) 
 
Good (18) 
 
 
6.40 
±0.41a 
 
2.50 ± 
0.13 
 
77.13± 
0.60 a 
 
1240.26 
±82.77 a 
 
89.95 
± 0.49 a 
 
6.33  
±0.19 a 
 
6.46  
± 0.9 a 
 
85.78 
±0.42 a 
 
Poor (18) 
 
 
5.20± 
0.36b 
 
2.40 ± 
0.13 
 
75.33± 
0.77 b 
 
1007.53 
±50.28 b 
 
85.22 
 ±0.28 b 
 
9.39  
± 0.27 b 
 
12.73 
± 1.12 b 
 
80.38 
±0.32 b 
 
‘t’ value 
 
2.17* 0.71NS 
 
7.54** 
 
 
2.40* 
 
 
60.01** 
 
 
84. 93** 
 
 
201.77** 
 
 
97. 35** 
 
 
NS     Non Significant 
*p<0.05 
**p<0.01 
Figures in parenthesis indicate number of ejaculates 
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TABLE 2. POST THAW SPERM MOTILITY, LIVABILITY AND TOTAL ABNORMAL SPERM PERCENT OF GOOD AND POOR 
FREEZABLE CROSSBRED BULLS IN DIFFERENT DILUENTS 
 
 
Motility 
(%) 
 
Livability 
(%) 
Total Sperm Abnormality 
(%) 
 
Good Freezer 
(18) 
Poor Freezer 
(18) Good Freezer (18) Poor Freezer (18)
Good Freezer 
(18) 
 
Poor Freezer 
(18) 
 
Group: I 
 62.08 ±0.39
 a 
 
54.32 ± 0.24 a 
 
63.09 ± 0.37 a 56.78 ± 0.56 a 13.18 ± 1.41a 18.06 ± 0.18a 
Group:II 
 61.83 ± 0.48
 a 
 
59.06 ± 0.82 b 
 
70.85 ± 0.32 b 60.92 ± 0.89 b 11.42± 0.74ab 15.87 ± 0.26b 
Group:III 
 74.12 ± 0.39
 b 
 
66.83 ± 0.42c 
 
76.28 ± 0.37 c 69.32 ± 0.35 c 9.45 ± 0.94b 14.26 ± 0.18c 
‘ F ’ value 101.26** 65.57** 276.22** 157.47** 20.45** 31.74** 
 
**p<0.01 
Figures with same superscript (a, b and c) do not differ significantly in columns,  
Figures in parenthesis indicate number of ejaculates 
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Fig 1. Post thaw sperm motility of good and poor freezable Jersey crossbred bulls in 
different treatment groups 
 
 
Fig 2. Post thaw sperm livability of good and poor freezable Jersey crossbred bulls in 
different treatment groups  
 
 
Fig 3.   Post thaw total sperm abnormality of semen of good and poor freezable Jersey 
crossbred bulls in different treatment groups 
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TABLE 3.  POST THAW LOSS OF ACROSOMAL INTEGRITY, HYPO-OSMOTIC SWOLLEN POSITIVE SPERMS AND CERVICAL 
MUCUS PENETRATION RATE OF GOOD AND POOR FREEZABLE CROSSBRED BULLS IN DIFFERENT DILUENTS 
 
 
Loss of Acrosomal Integrity 
(%) 
 
Hypo-Osmotic Swelling Test 
(HOST) (%) 
Cervical Mucus Penetration Test 
(CMPT) 
(mm/hour) 
 
 
Good Freezer 
(18) 
 
Poor Freezer 
(18) Good Freezer (18) Poor Freezer (18) Good Freezer (18) 
Poor Freezer 
(18) 
 
Group: I 
 
12.20 ± 0.71a 15.97 ± 0.5a 65.74 ± 0.27a 57.03 ± 0.32a 25.84 ± 1.35a 20.24 ± 1.09a 
 
Group:II 
 
10.96 ± 0.92a 15.02 ± 0.7a 70.47 ± 0.35b 57.65 ± 0.47a 27.76 ± 0.98a 23.35 ± 1.18ab 
 
Group:III 
 
8.44 ± 0.63b 13.01 ± 0.6b 81.19 ± 0.30c 71.29 ± 0.26b 31.16 ± 1.09b 25.44 ± 1.35b 
‘ F ’ value 
 
45.42** 
 
71.68** 255.67** 251.00** 26.91** 28.06** 
 
**p<0.01  
Figures with same superscript (a, b and c) do not differ significantly in columns, 
Figures in parenthesis indicate number of ejaculates 
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Fig 4. Post thaw loss of acrosomal integrity of good and poor freezable Jersey 
crossbred bulls in different treatment groups 
 
 
Fig 5. Post thaw HOST of good and poor freezable Jersey crossbred bulls in different 
treatment groups  
 
 
 
60 
 
Fig 6. Post thaw vanguard distance traveled by sperm (CMPT) of good and poor 
freezable Jersey crossbred bulls in different treatment groups  
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TABLE 4.  POST THAW DNA FRAGMENTATION (PERCENT), LIPID PEROXIDASE (NMOL/108 SPERMS) AND PERCENT OF 
MITOCHONDRIAL MEMBRANE POTENTIAL OF GOOD AND POOR FREEZABLE CROSSBRED BULLS IN DIFFERENT 
DILUENTS 
 
 
DNA fragmentation 
 (%) 
 
Lipid peroxidase (LPO)  
(nmol / 108 sperms) 
Mitochondrial Membrane Potential 
(MMP)  (%) 
 
 
Good Freezer 
(18) 
 
Poor Freezer (18) Good  Freezer (18) Poor Freezer (18) Good Freezer (18) Poor Freezer (18) 
Group: I 10.77 ± 0.67a 24.70 ± 1.16a 2.73 ± 0.85 3.68 ± 1.65 26.11 ± 3.27 25.93 ± 1.60 
Group:II 
 
8.83 ± 1.13ab 
 
16.42 ± 2.19b 2.60 ± 0.76 3.50 ± 1.42 28.63 ± 3.08 26.11 ± 2.96 
 
Group:II
I 
 
6.94 ± 1.28a 9.98 ± 1.17c 2.17 ± 0.82 3.17 ± 1.34 29.78 ± 0.98 27.55 ± 1.64 
‘ F ’ 
value 
 
27.58** 
 
63.46** 1.37NS 
 
2.31NS 
 
1.23NS 0.74NS 
 
**p<0.01, *p<0.05  
 NS Not Significant 
Figures with same superscript (a, b and c) do not differ significantly in columns 
Figures in parenthesis indicate number of ejaculates 
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Fig 9. Post thaw DNA fragmentation of sperm of good and poor freezable Jersey 
 crossbred bulls in different treatment groups  
 
 
Fig 10. Post thaw MMP of sperm of good and poor freezable Jersey crossbred bulls in 
 different treatment groups  
 
 
Fig 11. Post thaw (malondialdehyde) LPO of semen of good and poor freezable Jersey 
 crossbred bulls in different treatment groups 
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 Fig 14a. Post thaw sperm motility, livability and total abnormality of good and poor  
     Jersey crossbred bulls 
 
 Fig 14b. Post thaw sperm loss of acrosomal integrity, HOST and CMPT of good and 
       poor Jersey crossbred bulls 
 
 Fig 14c. Post thaw sperm DNA fragmentation, LPO and MMP of good and poor  
     Jersey crossbred bulls 
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TABLE 5.   ASSESSMENT OF MOTILITY AT DIFFERENT HOURS OF INCUBATION IN 
GOOD AND POOR FREEZABLE CROSSBRED BULL SEMEN (CASA) 
O Hr 
 
                                  Bull 
 
Parameters 
Good Freezer (18) Poor Freezer (18) ‘t’ value 
Forward Progressive motility (%) 67.07±1.67 56.71±2.42 12.32* 
Non Progressive motility (%) 17.74±1.89 21.70±21.50 1.78NS 
Total Motility (%) 84.80±1.87 78.41±2.75 2.74NS 
Static sperms (%) 15.20 ±1.87 21.59±2.751 2.74NS 
1 Hr 
 
                          Bull 
 
Parameters 
Good Freezer (18) Poor Freezer (18) ‘t’ value 
Forward Progressive motility (%) 69.02±3.57 49.42 ±3.51 15.06** 
Non Progressive motility (%) 13.97±2.47 25.25±3.11 8.14** 
Total Motility (%) 83.00±2.18 74.67±5.39 2.00NS 
Static sperms (%) 17.00±2.18 25.33±5.39 2.00NS 
         2 Hrs 
 
                           Bull 
 
Parameters 
Good Freezer (18) Poor Freezer (18) ‘t’ value 
Forward Progressive motility (%) 54.13±3.72 43.88±2.62 5.05* 
Non Progressive motility (%) 15.33±2.64 21.87±2.97 2.66NS 
Total Motility (%) 69.45±3.12 65.74±3.62 0.50NS 
Static sperms (%) 30.55±3.12 34.26±3.62 0.50NS 
4 Hrs 
 
                           Bull 
 
Parameters 
Good Freezer (18) Poor Freezer (18) ‘t’ value 
Forward Progressive motility (%) 42.84 ±4.30 28.55±3.63 6.52* 
Non Progressive motility (%) 18.09±2.69 21.51±2.37 1.03NS 
Total Motility (%) 60.93±3.53 50.05±3.80 4.36* 
Static sperms (%) 39.07±3.53 49.95±3.80 4.36** 
 
 **p<0.01 
 *p<0.05 
  NS Not Significant 
 Figures in parenthesis indicate number of ejaculates 
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 TABLE 6.  ASSESSMENT OF MOTILITY AT DIFFERENT HOURS OF INCUBATION IN GOOD AND POOR FREEZABLE 
CROSSBRED BULL SEMEN (CASA) IN DIFFERENT EXPERIMENTAL GROUPS 
 
0 Hr 
 
Group: I Group: II Group: III Experimental 
                    Group 
 
 
Parameters 
Good Poor 
‘t’ 
value 
 Good Poor 
‘t’ 
value 
 Good Poor 
‘t’ 
value 
 
Progressive  
Forward motility 
69.17 
±4.96 
51.03 
±7.09 1.83
NS 69.76 ±3.23 
55.04 
±4.76 2.23* 
71.47 
±8.40 
53.10 
±3.99 
1.39 NS 
 
Non-Progressive 
 Motility 
13.97 
±2.08 
22.95 
±7.36 - 
16.83 
±2.08 
21.63 
±5.59 - 
13.89 
±7.11 
31.10 
±4.98 - 
Total Motility 83.14 ±5.90 
73.98 
±9.09 0.74
 NS 86.59 ±2.82 
76.66 
±2.35 2.14* 
85.36 
±1.62 
84.20 
±3.50 
 
0.30 NS 
Static Sperms 16.86 ±5.90 
26.02 
±9.09 - 
13.41 
±2.82 
23.34 
±2.35 - 
14.64 
±1.62 
15.80 
±3.50 - 
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1 Hr 
Group: I Group: II Group: III Experimental 
                  Group 
 
 
Parameters 
Good Poor 
‘t’ 
value 
 Good Poor 
‘t’ 
value 
 Good Poor 
‘t’ 
value 
 
Progressive  
Forward motility 
65.38 
±4.04 
57.08 
±5.32 1.23
 NS 66.43 ±7.21 
44.14 
±7.75 2.10* 
66.05 
±1.05 
58.02 
±4.13 
 
1.88 NS 
Non-Progressive 
 Motility 
18.31 
±5.05 
21.42 
±1.90 - 
14.05 
±4.32 
21.70 
±5.99 - 
18.07 
±3.54 
22.05 
±4.52 
- 
Total Motility 83.69 ±3.33 
78.50 
±4.34 0.94
 NS 80.49 ±3.70 
65.83 
±1.30 3.74* 
84.13 
±4.53 
80.06 
±7.97 
0.12 NS 
 
Static Sperms 16.31 ±3.33 
21.50 
±4.34 - 
19.51 
±3.70 
34.17 
±1.30 - 
15.87 
±4.53 
19.94 
±7.97 - 
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2 Hrs 
 
Group: I Group: II Group: III Experimental 
                        Group 
 
 
Parameter 
Good Poor 
‘t’ 
value 
 Good Poor 
‘t’ 
value 
 Good Poor 
‘t’ 
value 
 
Progressive  
Forward motility 
52.86 
±6.20 
43.77 
±4.73 1.16
 NS 49.13 ±7.14 
46.63 
±4.25 0.26
 NS 60.38 ±6.62 
41.24 
±5.90 
 
3.05* 
Non-Progressive 
 Motility 
17.96 
±3.89 
17.61 
±1.50 - 
13.83 
±2.12 
24.00 
±8.70 - 
14.19 
±7.62 
23.99 
±3.75 
- 
 
Total Motility 70.82 ±2.62 
61.38 
±4.37 1.84
 NS 62.96 ±8.62 
70.62 
±1.05 0.88
 NS 74.57 ±1.06 
65.23 
±2.50 
 
3.44* 
Static Sperms 29.18 ±2.62 
38.62 
±4.37 - 
37.04 
±8.62 
29.38 
±1.05 - 
25.43 
±1.06 
34.77 
±2.59 
- 
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4 Hrs 
Group: I Group: II Group: III Experimental 
          Group 
 
Parameter 
Good Poor 
‘t’ 
value 
 Good Poor 
‘t’ 
value 
 Good Poor 
‘t’ 
value 
 
Progressive  
Forward motility 
39.58 
±1.06 
25.09 
±3.99 3.51* 
42.96 
±5.60 
29.77 
±3.69 1.96
 NS 46.98 ±8.87 
30.79 
±1.09 
1.81 NS 
 
Non-Progressive 
 Motility 
21.52 
±4.35 
22.70 
±4.87 - 
14.71 
±6.52 
21.35 
±3.96 - 
18.04 
±3.92 
20.48 
±5.20 
- 
 
Total Motility 61.10 ±6.25 
47.49 
±1.03 2.15* 
57.67 
±6.93 
51.11 
±5.65 0.66
 NS 64.02 ±7.25 
49.56 
±4.31 
1.71 NS 
 
Static Sperms 42.33 ±6.93 
46.51 
±1.03 - 
38.90 
±6.25 
48.89 
±5.65 - 
35.98 
±7.25 
54.44 
±4.31 
- 
 
 
*p<0.05 
 NS   Not Significant 
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Fig 15. CASA motility parameters of control, cysteine and glutathione of good        
freezable Jersey crossbred bulls 
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Fig 16. CASA motility parameters of control, cysteine and glutathione of poor freezable 
Jersey crossbred   bulls 
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TABLE 7. COMPUTER ASSISTED SEMEN ANALYSIS (CASA) OF SOME POST-THAW SEMINAL CHARACTERISTICS IN 
CONTROL AND TREATMENT GROUPS AT DIFFERENT HOURS OF INCUBATION 
 
0 Hr 
Group: I Group: II Group: III Parameter Good Poor Good Poor Good Poor 
Curvilinear Velocity (VCL) (μm/sec.) 125.03±4.33 111.36±12.78 112.75±4.42 110.08±10.30 130.76±3.47 138.63±4.1 
Straight line Velocity (VSL) (μm/sec.) 93.43±3.21 79.72±11.60 76.20±10.37 73.04±8.29 91.84±3.39 87.23±11.03 
Average path Velocity (VAP) (μm 111.66±5.12 95.65±11.46 89.93±10.12 86.28±7.14 111.47±5.4 103.42±12.5 
Linearity (LIN) (%) 74.83±2.58 71.11±2.11 67.72±9.10 66.20±2.38 66.21±7.01 66.22±0.58 
Straightness (STR) (%)                             84.09±3.14 82.87±2.06 84.28±2.15 84.24±2.48 83.75±1.67 82.50±1.72 
Wobble (WOB) (%) 89.05±1.16 85.79±0.99 79.96±8.92 78.64±2.81 80.32±1.70 78.64±7.86 
Amplitude of Lateral Head  
displacement (ALH) (μm) 2.88±0.03 2.84±0.27 4.01±0.17 3.11±0.40 4.00± 0.16 3.59±0.24 
Beat/Cross Frequency (BCF) Hz 9.77±0.49 9.54±0.82 10.48±1.37 11.92±0.30 11.52±1.22 11.43±0.65 
1 Hr 
Group: I Group: II Group: III Parameter Good Poor Good Poor Good Poor 
Curvilinear Velocity (VCL) (μm/sec.) 105.82±12.47 93.81±7.27 112.59±12.08 94.25±9.89 102.39±5.26 96.02±20.4 
Straight line Velocity (VSL) (μm/sec.) 59.14±5.88 56.73±7.16 66.16±4.49  60.22±11.62   64.20±10.94 57.09±13.9 
Average path Velocity (VAP) (μm 75.24±8.07 69.15±6.08 83.37±7.55  68.42±10.38 74.10±8.82 70.59±15.2 
Linearity (LIN) (%) 62.87±3.24 53.74±4.49 63.01±7.39 59.63±4.83   62.87±10.18 58.60±3.17 
Straightness (STR) (%) 85.11±1.70 75.11±3.31 86.61±3.52 79.84±3.58 85.32±5.26 79.79±3.87 
Wobble (WOB) (%) 73.73±2.20 71.31±2.83 72.19±5.86 74.46±3.13 72.53±8.06 73.40±0.44 
Amplitude of Lateral Head 
 displacement (ALH) (μm) 3.36±0.39 2.76±0.28 3.47±0.33 2.75±0.16 2.87±0.22 2.83±0.44 
Beat/Cross Frequency (BCF) Hz 14.06±0.15 13.19±0.61 14.25±0.78 14.28±1.05 14.56±0.131 14.54±0.31 
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2 Hrs 
 
Group: I Group: II Group: III Parameter Good Poor Good Poor Good Poor 
Curvilinear Velocity (VCL) (μm/sec.) 103.82±9.25 92.78±3.90 100.59±4.42 96.93±18.81 125.10±3.83 107.21±12.23 
Straight line Velocity (VSL) (μm/sec.) 64.28±5.19 56.42±1.94 61.02±5.12 54.49±12.43 77.44±2.43 70.08±17.32 
Average path Velocity (VAP) (μm/sec.) 79.12±6.28 69.30±3.41 73.83±4.16 68.02±14.57 96.51±0.75 81.43±15.43 
Linearity (LIN) (%) 61.00±1.06 62.39±5.34 60.81±4.05 55.82±8.13 63.94±9.44 62.04±3.07 
Straightness (STR) (%) 81.47±1.46 80.21±1.89 82.52±2.99 79.56±5.58 84.76±6.22 81.38±3.94 
Wobble (WOB) (%) 77.74±0.69 76.40±2.76 73.51±2.23 69.48±5.24 77.30±2.58 74.89±5.91 
Amplitude of Lateral Head  
displacement  (ALH) (μm)  2.68±0.20 2.84±0.19 2.92±0.24 3.13±0.46 2.85±0.16 3.56±0.038 
Beat/Cross Frequency (BCF) Hz 14.68±0.74 14.56±0.10 14.90±0.21 13.14±0.99 14.94±0.81 14.88±0.11 
 
4 Hrs  
Group: I Group: II Group: III Parameter Good Poor Good Poor Good Poor 
Curvilinear Velocity (VCL) (μm/sec.) 104.96±11.96 98.89±1.20 106.11±5.89 100.59±4.42 120.37±9.23 118.13±14.46 
Straight line Velocity (VSL) (μm/sec.) 52.60±9.04 49.70±12.04 61.02±5.12 50.69±9.80 56.72±10.45 58.66±10.54 
Average path Velocity (VAP) (μm sec.) 69.29±5.02 68.20±13.01 73.83±4.16 68.10±11.61 83.18±13.71 77.59±9.36 
Linearity (LIN) (%) 48.51±8.47 46.77±9.33 60.81±4.05 47.18±7.02 53.37±8.64 48.63±6.80 
Straightness (STR) (%) 72.64±6.55 70.44±5.29 82.52±2.99 74.03±2.52 76.34±7.02 71.82±5.50 
Wobble (WOB) (%) 69.46±4.96 64.09±7.98 73.51±2.23 63.42±7.82 65.75±6.26 68.54±5.23 
Amplitude of Lateral Head 
displacement  (ALH) (μm) 3.55±0.33 3.09±0.23 3.92±0.24 3.92±0.30 
3.84±0.18 
 3.30±0.18 
Beat/Cross Frequency (BCF) Hz 13.54±1.07 11.95±0.31 14.90±0.21 11.68±0.47 13.88±0.44 13.95±0.97 
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Fig 19a. CASA velocity Parameters of good and poor freezable Jersey crossbred bulls 
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Fig 19b. CASA velocity Parameters of good and poor freezable Jersey crossbred bulls 
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Fig 20a. CASA velocity Parameters of control, cysteine and glutathione of good 
freezable Jersey crossbred bulls 
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Fig  20b. CASA velocity parameters of control, cysteine hydrochloride and glutathione 
of good freezable Jersey crossbred bulls 
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Fig 21a. CASA velocity parameters of control, cysteine hydrochloride and glutathione 
of poor freezable Jersey crossbred bulls 
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Fig 21b. CASA velocity parameters of control, cysteine hydrochloride and glutathione 
of poor freezable Jersey crossbred bulls 
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TABLE 8. CONCEPTION RATE OF CROSSBRED JERSEY BULLS WITH DIFFERENT SEMEN ADDITIVES 
 
 
 
Group I 
(control) 
 
 
Group :II 
(cysteine HCL) 
 
Group :III 
(Glutathione) 
Groups 
 
 
 
 
Freezers 
 
No of cows 
inseminated
 
 
Conception 
rate (%) 
 
No of cows 
inseminated
 
Conception 
rate (%) 
 
No of cows 
inseminated
 
Conception 
rate (%) 
 
X2 
 
Good (18) 
 
 
29 
 
51.00 
(15) 
 
 
41 
 
60.00 
(25) 
 
51 
 
72.00 
(37) 7.14
NS 
 
Poor (18) 
 
 
50 
 
48.00 
(24) 
 
 
44 
 
56.00 
(25) 
 
47 
 
59.00 
(28) 7.56
NS 
 
Overall 
 
 
79 
 
49.00 
(39) 
 
 
85 
 
58.00 
(50) 
 
98 
 
66.00 
(65) 
- 
 
 
 NS   Not Significant 
 Figures in parenthesis indicate number of ejaculates 
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Fig 22. Conception rate of Jersey crossbred bulls with different semen additives 
 
 
TABLE 9. CORRELATION AMONG SPERM FUNCTIONAL PARAMETERS AND 
CONCEPTION RATE IN CROSSBRED JERSEY BULLS  
 
 
Sl. No Parameters Conception rate (r value) 
Significance 
(p) 
1. Progressive forward motility  0.44 0.07 
2. Straight line velocity  0.70 <0.05 
3. Curvilinear velocity  0.52 <0.05 
4. Average path velocity  0.51 <0.05 
5. Plasmalemma integrity  0.50 <0.05 
6. Loss of acrosomal integrity  -0.84 <0.05 
7. 
Mitochondrial membrane 
potential 
 
0.94 <0.05 
8. Lipid peroxidation  -0.75 <0.05 
 
(Mean data of all the ejaculates of each group per bull, n = 18 were used to calculate the correlation)
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DISCUSSION 
 Routine semen analysis is one of the major objectives for assessing the potential ability of 
breeding bulls. Many of the seminal traits are correlated with conception rate and have got a great 
importance of selection of bulls for artificial insemination. Adoptable and routine method of semen 
evaluation mostly comprises microscopical methods like motility assay, Eosin  and Nigrosin 
staining for live and dead, Rose Bengal staining for abnormality, Giemsa and fluorescent staining 
for acrosomal integrity, nuclear acid fast staining technique and Feulgen’s staining technique for 
examination of DNA integrity  and assessment of mitochondrial membrane potential by  JC-1 
staining and some biochemical tests like lipid peroxide(malondialdehyde) production . Recently 
many advanced  in-vitro methods like Hypo Osmotic Swelling test , Zona free hamster egg 
penetration test and Cervical mucous penetration test were employed to differentiate 
comprehensively between fertile and infertile bulls which are correlated with  field fertility trials.  
 Extension of semen with suitable buffer and substrate is an important consideration for 
prolonged storage and dissemination both at refrigerated and ultra low temperature level. The use of 
sodium citrate, egg yolk and glycerol has long been established as a potential component for semen 
preservation (Lardy and Philips, 1941; Salisbury et al., 1941 and Polge, 1949). Reports of addition 
of various substrates or additives have been highlighted with a view to improve survivability and 
fertility. Addition of vitamins, hormones, chelating agents and antioxidants to the semen extender 
has been tried for enhancing the potential fertilizing ability of bull spermatozoa. Cysteine, a sulphur 
containing amino acid with thiol group is an important component of nucleic acid presents in head 
of sperm which maintains the integrity of the DNA. This is also an important component of 
glutathione which acts as an antioxidant. Glutathione not only preserves the anti-oxidant property 
but also protects the sperm due to its sulfur and cysteine content. In sperm preservation, the 
formation of peroxides is one of the major drawbacks which affects the fertility and viability of the 
sperm. So it is of paramount importance that maintenance of optimum semen characteristics during 
preservation is a pre-requisite for enhanced fertility in cow. In order to ascertain the beneficial 
effects of additives the present investigation was aimed to determine the effect of additives like 
glutathione and cysteine hydrochloride and correlate it with certain in-vitro and in-vivo conditions 
in crossbred bulls. 
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SEMINAL ATTRIBUTES OF GOOD AND POOR FREEZABLE CROSSBRED BULLS 
Volume  
 The mean average volume for good and poor freezable cross bred Jersey bulls were found to 
be  6.40 ± 0.41 and 5.20 ± 0.36 ml, respectively (Table-1).  The present observation is in agreement 
with Uysal et al. (2007) in the HF Crossbred bulls, Bhoite et al. (2008) in Friesian Gir cross bred 
bulls and Raina and Dhami, (2004) in Jaffarabadi bulls. A lower value has been reported by Bedi et 
al. (1984), Pandey and Gupta, (2004) in Crossbred Jersey bulls, where as higher values has been 
reported by Raina and Dhami, (2004) in Gir bulls. The differences in seminal volume might be 
attributed to age, genetic make up, nutrition, temperature and individual variation.  
Mass Activity 
 The overall grading of mass activity of neat semen was 2.50 ± 0.13 and 2.40 ± 0.13, 
respectively in good and poor freezable cross bred Jersey bulls (Table 1). However, Erb et al. 
(1956) demonstrated that it is more closely related with other seminal traits than fertility. The mass 
motility of spermatozoa is a wholesome effect of sperm concentration and individual motility 
(Zemjanis, 1970). The present finding has correlated with the findings of Sagdeo et al. (1990) in 75 
percent JY, 62.5 percent JY bulls. Higher rating was recorded by Sagdeo et al. (1990) in Pure JY  
bulls, Raina and Dhami, (2004) in Gir bulls and Munsi et al.(2007) in HF crossbred  bull, where as, 
lower values than the present investigation were also reported by Sagdeo et al. (1990) in 50 percent  
JY, 75 percent HF and 62.50 percent  HF crossbred bulls. In the present investigation, the average 
rating of mass motility was more than two; hence the extension of semen was tenable. 
Sperm Concentration 
 The overall concentration of sperm in good and poor freezable crossbred Jersey bulls was 
1240.26 ± 82.77 and 1007.53 ± 50.28 millions per cmm, respectively (Table 1). It was observed 
from the present investigation that the sperm concentration (106/cmm) ranged from 1062.40 ± 74.99 
to 1560 ±138.69 in good freezable crossbred Jersey bulls where as in poor freezable bulls it was 
ranging from 961.00 ± 91.98 to 1055.20 ±81.14. The sperm concentration of a fertile bull ranges 
from 300 to 2000 millions per cmm with an average of 800 millions (Roberts, 1971). Saxena et al. 
(1978) reported a sperm concentration of 912.33 million per ml in CB Jersey and recorded a 
significant correlation with volume. But the present investigation does not indicate any positive co-
relationship between volume and sperm concentration. The present finding is also comparable with 
Uysal et al. (2007), Bedi et al. (1984) in Crossbred Jersey bulls, Munsi et al. (2007) in HF 
Crossbred bull, Pandey and Gupta, (2004) in Crossbred bull semen and Mandal et al. (2005) in 
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Sahiwal bulls. The sperm concentration in bovine species varies between breeds, age, climate, 
testicular diseases, frequency of collection and libido and in many cases there was also individual 
variation within breed.  
Individual Motility 
 The individual motile sperm per cent (Table 1) in all the three good and poor freezable 
experimental bulls registered more than 70 per cent of motile sperm. In the good freezable 
crossbred Jersey bull, it was 77. 13 ± 0.60 per cent (76.20 ±0.96 to 78.00 ± 1.22) where as, in poor 
freezable semen it was 75.33 ± 0.77 per cent (72.00 ± 4.80 to 76.00 ±1.58). However, Erb et al. 
(1956) demonstrated that it is more closely related in other seminal traits than fertility and 
suggested that, the bovine semen with 40 to 50% motile sperm should be considered as subnormal 
and was associated with infertility. Blom (1950) also he reported that motility below 50 percent was 
often associated with low conception rate and poor fertility. Bratton et al. (1951) opined a minimum 
initial sperm motility of 70% required for an effective breeding. Similar observation in consistent to 
present findings have been recorded by Barik et al. (1987) in cross bred bull, Sagdeo et al. (1990) in 
Pure JY bulls Dhami et al. (1991) and Moharatha, (2001) in Cross Bred Jersey bull. However, 
higher individual motility per cent has also been observed by Uysal et al. (2007) and Dhami et al. 
(1991) in pure bred Jersey bulls. Similarly lower individual motility per cent has also been recorded 
by Bedi et al.(1984), Pandey and Gupta, (2004) , Sagdeo et al. (1990) in 75% JY, 62.5% JY, 62.5% 
HF and 75% HF crossbred bulls, Chauhan et al., (1993) in 75% cross bred bull and Mandal et 
al.(2005) in Sahiwal bulls. 
 The individual motility is an important parameter for assessment of semen quality and can 
yield a credible picture of semen potency. Sperm motility is essential during transportation in 
oviduct and oocyte penetration which can not be ruled out. However a decrease in sperm motility is 
observed in disease condition, change of environment and temperature variations and it fluctuates 
between breeds, individuals, age group and technique employed for observation.  
Live Sperm 
 The live sperm percent in present study was observed to be 89.95 ± 0.49 and 85.22 ± 0.28 in 
the good freezable and poor freezable crossbred Jersey bull semen, respectively. The present 
finding is in consonance with the observation made by Bedi et al., (1984), Barik et al. (1987), Rao 
and Rao, (1991), Pandey and Gupta, (2004) and Uysal et al. (2007),while lower live sperm per cent 
has been reported by Raina and Dhami, (2004), Mandal et al. (2005) and Bhoite et al. (2008). The 
percentage of stained spermatozoa is dependent on various factors like duration, type of diluent 
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used, stain integrity and technique employed. Moreover, it gives vital information regarding the 
livability of both neat and extended semen. The pre freeze semen livability in the present 
experiment was within the optimum range.  
 Total Abnormal Spermatozoa  
 Overall sperm abnormality percent for good freezable and poor freezable crossbred Jersey 
bull were recorded to be 6.33 ± 0.19 and 9.39 ± 0.27, respectively. The present value is correlated 
with the observation made by Pandey and Gupta, (2004) and Mandal et al. (2005). Lower values 
were reported by Uysal et al. (2007) and Singh et al. (1997) where as Mandal et al. (2005) and 
Mathur et al. (1991) reported higher values than the present observation. Roberts (1971) was of 
opinion that in a fertile semen sample, the total sperm abnormalities should not exceed more than 
20 percent. In the present study, the overall sperm abnormality includes acrosomal, caput, mid piece 
and tail abnormality. Rottenstone and Andersen (1956) concluded that high level of abnormal sperm 
was not necessarily indicative of low fertility. Moreover, the sperm abnormality may vary due to 
method of collection, temperature shock (Hancock, 1952) and technique employed (Bishop et al. 
1954). 
 The analysis of variance (Table 2) of seminal traits between good and poor freezable bulls 
revealed no significant difference with regards to mass activity. Where as other seminal parameters 
like volume and sperm concentration had a significant difference (p < 0.05), while a high significant 
difference (p < 0.01) was recorded with respect to individual motility, livability and total sperm 
abnormality. 
Loss of acrosomal integrity 
 The maintenance of acrosomal integrity is important for sperm movement and fertilization 
while preserving the enzyme integrity of sperm head. During the sperm penetration at the time of 
fertilization the essential enzymes like acrosin, proacrosin and hyaluronidase play an important role 
for dissolution of membrane layer of an ovum. Hence, any alteration in the structural integrity may 
lead to loss of these enzymes which ultimately reduces the sperm capability of penetration of 
oocytes layers leading to fertilization failure. From the present study it was found that loss of 
acrosomal integrity was higher in poor freezer (12.73 ± 1.12) than in good freezer (6.46 ± 0.90) and 
a highly significant difference (p < 0.01) exists between these two groups. 
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POST THAW SEMINAL CHARACTERSTICS 
Motility 
 The post thaw motile sperm per cent revealed a highly significant difference (p < 0.01) in 
both the good and poor freezable crossbred bulls (Table 2). In glutathione added group (group III) 
the motile sperm significantly differed from (p < 0.01) group I and group II. Where as the later two 
groups did not differ significantly in good freezable bull semen. In poor freezable groups the values 
were significantly different (p < 0.05) from each other. The glutathione added semen showed 
significantly higher motility value irrespective of groups which indicative of glutathione is being 
more effective in maintaining higher motility in bovine semen. The present observation of higher 
motility in glutathione added semen is comparable to the findings of Jain and Arora (1988) and 
Uysal et al. (2007). However slightly lower value has also been reported by Munsi et al. (2007) and 
Zekariya Nur et al. (2005), who reported significantly higher motility percent in glutathione added 
semen in crossbred bulls. It has been observed that a spermatozoon in liquid medium is propelled 
forward by flagellar beating initiated from distal centriole through electron transport. During ultra 
low freezing the spermatozoa is exposed to cold shock resulting in damage to the sperm membrane 
and leakage of enzymes. All these adverse factors might be mitigating by incorporation of 
glutathione in the semen which act as a membrane stabilizer (Maxwell and Stojanov, 1996). 
Livability  
 The overall live percentage following freezing in good freezer was highest (76.28±0.37) in 
glutathione treated semen (group III) followed by cysteine (70.85± 0.32) and lowest (63.09±0.37) 
value was observed in control. Similar trend was also observed in poor freezable bull semen, with 
highest value in group III (69.32 ± 0.35) followed by group II (60.92 ± 0.35) and group I (56.78 ± 
0.56).  
 The present finding is at a with finding of Uysal et al. (2007), Gadea et al. (2005b) and 
Singh et al. (1997) in EYTG diluter.  
 During in vitro preservation the spermatozoa are exposed to a foreign diluting media as well 
as to low and very low temperature. Death might occur due to release of toxic substances, ultra low 
exposure, enzymatic leakage, medium of preservation, degree of sperm permeability, aging effect of 
sperm and individual variation (Salisbury et al. 1979). During liquid nitrogen storage, there is a 
greater chance for death of sperm due to extreme fluctuation in temperature. Moreover, there is an 
inherent limit that many of the bull spermatozoa could not resist exposure to ultra low temperature. 
Any of the factor or factors might adversely affect sperm livability. As a whole, the live percentage 
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following different application is within the optimum limit and was suitable for artificial 
insemination. However addition of cysteine or glutathione might have protective action rendering 
better livability per cent in respective groups (Uysal et al., 2007).   
Total Sperm Abnormality 
 The sperm morphological abnormalities in all the experimental groups ranged from 9.50 to 
13.00 percent and 14.26 to 18.06 percent, respectively consequent to freezing in good and poor 
freezer (Table 2). 
 The cysteine added group (group II) did not differ significantly either from group I (Control) 
and group III (glutathione). However the group I and group II differed significantly (p <0.01) in 
good freezable bulls. On the contrary in poor freezable bulls all the groups differed significantly 
from each other (p <0.01). Roberts (1971) opined that in fertile semen sample, the total sperm 
abnormality should not exceed more than 20 percent. In the present study the overall sperm 
abnormality includes caput, mid-piece and tail abnormalities. Rottenstone and Andersen (1956) 
from their experiment concluded that high level of abnormal sperm was not necessarily indicative 
of low fertility. Moreover, the sperm abnormality may vary due to method of collection, 
temperature shock (Hancock, 1952) and technique employed (Bishop et al., 1954). Hence, the 
difference between the good and poor freezable bull semen may be attributed to these factors. 
Loss of acrosomal integrity 
 The loss of acrosomal integrity in post freeze state revealed a highly significant difference 
(p< 0.01) among various groups both in good and poor freezers. In good freezers, group III (8.44 ± 
0.63) semen deviated significantly (p<0.01) from group I (12.20 ± 0.71) and group II (10.56 ± 
0.92), whereas the later groups (group I and II) did not differ. In the poor freezing groups the same 
trend was followed with a lowest loss in group III (13.01 ± 0.60) followed by (15. 02 ± 0.70) in 
group II and 15.97 ± 0.50 in group I. The present observation partially corroborates the findings of 
Uysal et al. (2007). Further, it was evident that addition of glutathione and cysteine in extended 
semen has significantly reduced the loss of acrosomal integrity in both good and poor freezable 
bulls under observation. 
 Bull semen diluents with glutathione incorporation have been reported to improve post thaw 
motility and normal acrosome. It has also been reported to reduce enzyme leakage and consistently 
improved fertility. The mode of action as suggested might be due to limited the production of lipid 
peroxides (Satish Kumar, 2007).  
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 The physiologic acrosome reaction is a well-coordinated process that can occur only in a 
living spermatozoan in response to natural inducers. In contrast, loss of acrosomal content can occur 
with the breakdown of the membranes during cell death, cryopreservation and during addition of 
oxidants which shows similar acrosomal changes (Bedford, 1970). 
Hypo-Osmotic Swelling Test (HOST) 
 The post freeze value of HOS positive sperm revealed a significant difference (p < 0.01) 
both in good and poor freezing group. In good freezer all the three groups differed significantly (p 
<0.01) from each other with highest value obtained in group III (81.19 ± 0.30) followed by group II 
(70.47 ± 0.35) and group I (65.74 ± 0.27). In poor freezing group the group III revealed higher 
value (71.29 ± 0.26) which differed from group I (57.03 ± 0.32) and group II (57.65 ± 0.47), 
whereas no significant difference exists between the later groups (Table 3). 
 These observations indicated that addition of glutathione and cysteine in the extended semen 
has significantly elevated the HOST value than the control. Uysal et al. (2007) recorded   79.3 ± 3.7 
of total swollen sperms in glutathione treated semen in bulls following HOST. Nair (1997) found 
post thaw HOS positive value for sperms to be 23.54 + 1.41 for half bred and 23.83 + 1.2 in 3 bred 
cross bulls with a significant (P<0.05) difference between breeds. Moharatha (2001) reported the 
overall per cent of HOS positive sperm to be 33.50 + 0.74 (28.40 to 37.80) in crossbred Jersey 
semen following cryo preservation. The post freezing analysis also partially corroborates the 
finding of Uysal et al. (2007).  
 Routine semen evaluation has certain limitations for comprehensive prediction of fertility of 
bull semen. The HOST highlights the permeability of sperm membrane to Hypo osmotic solution 
and the projection of higher value is a valid indication of intact membrane and sample with higher 
value is regarded as potent for establishing pregnancy.  
 The comparatively higher value in group II and III with respect to HOST could be attributed 
to incorporation of biochemically active substance (cysteine) or due to presence of antioxidant 
(glutathione). As no relevant information was available regarding these semen additives, it was not 
possible to substantiate the present finding conclusively. The individual and overall values of good 
freezer were higher than the poor freezer and the glutathione added semen have shown higher value 
than cysteine and control group. This indicates that the glutathione additives have capacity to 
maintain the membrane integrity better than the other additives and control group. 
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Cervical Mucus Penetration Test (CMPT)      
 The in-vitro sperm penetration test is considered as a sperm function test that measures the 
ability of sperm in the semen to swim up into a column of cervical mucus or its substitute. The 
sperm migration into the cervical mucus or its substitute is based on the same principle as per the 
test proposed by Kremer et al. (1995). 
 Bovine cervical mucus is particularly common during estrous and it is easier to obtain large 
quantities with similar rheological and biochemical properties to human cervical mucus which can 
be stored in frozen storage with only minimal changes in  rheological properties (Lee et al., 1981). 
So CMPT has always considered as an important in-vitro sperm function test in bovines. This 
method in conjunction with HOST can give a fair assessment of semen viability for selection of 
motile and morphological normal sperm for fertilization. The present study revealed that semen 
extended with glutathione incorporation, showed highest percent of cervical mucus penetration 
followed by cysteine and control group. Similar trend of mean vanguard distance traveled by the 
sperm were noted to be highest in group III followed by group II and group I. The present 
investigation also demonstrated that, extended semen when added to glutathione, a significant 
difference in millimeter of penetration to the cervical mucus occurred as compared to other two 
groups. This significant difference can be attributed to the fact that the migration of the vanguard 
distance and swim up of sperm velocity were higher due to enhanced straight forward motility as 
adequate motility has been ascribed to normally produce adequate mucus penetration (Takemota et 
al., 1985). Moreover, ability of spermatozoa to penetrate bovine cervical mucus was found to be 
dependent on various semen parameters which could not be accurately predicted on the basis of 
single test. 
 David et al. (1979) were of opinion that intrinsic sperm motility test is a crucial property for 
penetration of cervical mucus. This is supported by the present findings that the percent of motile 
spermatozoa in glutathione added extender can be best correlated with cervical mucus penetration 
test. However sample showing good motility but poor in penetration may indicate other factors such 
as morphology which are also important for mucus penetration. The bovine cervical mucus plays an 
important role in selecting motile, morphological normal sperm for fertilization. So CMPT has 
always been held as a potential and important in-vitro sperm function test. 
 The present findings corborate with observation made by Bhatia, et al. (2007) that fresh 
semen had the maximum sperm penetration in bovine cervical mucus followed by extended and 
frozen semen (38.63 ± 0.26 to 36.28 ± 0.81). This indicated that with higher sperm penetration 
distance there is an increase in percent of the animal to conceive for particular bull semen. The 
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individual variation between the bulls in good freezer and poor freezer semen could be attributed to 
the fact that the sperm penetration speed was significantly different between the bulls as well in 
between the mucus samples as proposed by Anil kumar and Devanathan (1995). 
 The difference of cervical mucus penetration with regard to the semen of good freezable and 
poor freezable crossbred bulls would possible due to the difference in the post thaw motility, 
abnormality and loss of mitochondrial membrane potential, which could otherwise has resulted in 
lowering the penetration rate. As such glutathione incorporation to the extended semen might have 
potentiated the viability of the sperm with respect to its motility and morphological integrity which 
was reflected by the highest rate of penetration through the cervical mucus in the present course of 
investigation. Hence, this test can indicate the sperm function during the later stages of its use and 
can reflect in the conception rate of the animals Bolarndeola et al. (2003) opined hat SMPTvd has a 
low accuracy in evaluation of semen but SMPTsc was found to be moderately accurate for assessing 
sperm motility in semen. Therefore, method of using sperm concentration, instead of vanguard 
distance, as diagnostic criteria of in-vitro SMPT has potential as a useful laboratory based sperm 
function test. However, Steven (2004) observed that despite the relatively high repetition test no 
relation was found between sperm migration distance and the non-return rates. 
 The present observation finds the supports of Satish Kumar and Kadirvel (2007) who 
observed that the frozen thawed spermatozoa covered a significantly high distance in cervical 
mucus than that of fresh spermatozoa. Thus indicating it is to be a good indicator for predicting the 
functional status of frozen spermatozoa. However, lower rate of sperm penetration has been 
reported by Kumaresan et al. (2005), while comparing the pre freeze and post thawed bovine 
cervical mucus test in non-luteal oviductal protein luteal oviductal protein and control.  
DNA fragmentation  
 The process of spermatogenesis involves the reorganization of chromatin materials in 
developing spermatids through protamines. In-vivo study revealed that protamine condenses the 
DNA of vertebrate sperm cells in to thousands of particle that vary in diameters from 50 – 100 nm. 
Bull protamine has been found to condense DNA in to spherical particle with the range of 
protamine –DNA condensates observed in bull spermatozoa cell nuclei.  
 Saacke et al. (1998) observed that sperm with non-compensable defects such as abnormal 
DNA distribution has been associated with improper zygotic, embryonic and or fetal development. 
Thus, any abnormality associated with DNA, chromatin packing, or the sperm nuclear matrix 
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should be reflected by a change in sperm nuclear shape. The evaluation of sperm DNA distribution 
should be useful for assessing male fertility (Vilfan et al., 2004). 
 The present investigation revealed the mean sperm DNA fragmentation in good freezable 
bulls was highest in control with (10.77 ± 0.67) followed by group II (8.83 ± 1.13) and least in 
glutathione treated group (6.94 ± 1.28). A significant difference existed between the control and 
glutathione group, whereas glutathione and cysteine added group did not exhibit any difference with 
regard to percent of DNA fragmentation. However, analysis of variance revealed a high significant 
difference (p < 0.01) between all the three groups under all observations. The study indicates that 
addition of glutathione to the extended semen potentiates the metabolic regulation due to presence 
of sulpha-hydryl group. The low DNA damage observed following supplementation with GSH 
suggest that ROS generation and redox balance are the most important factors responsible for 
disruption  and stability of sperm chromatin after cryopreservation (Joaquı, et al., 2007). 
  In poor freezable bulls it was observed that there was sharp increase in the per cent of DNA 
fragmentation from 9.98 ± 1.17 in glutathione added semen to 24.70±1.16 in control group with the 
cysteine incorporated group showing the percent of fragmented DNA to be 16.42 ± 2.19 per cent. 
 Evenson and Wixon (2006) found evidence that semen samples containing a statistical 
threshold of > 30% sperm DNA fragmentation have a reduced level of pregnancy success and it was 
suggested that DNA fragmentation is due to an apoptotic event or to reactive oxygen species (ROS). 
 Perusal of literature did not reveal study on DNA fragmentation in good and poor freezable 
bulls after incorporation of glutathione or cysteine. So the appropriate comparison could not be 
substituted by this study. 
 Uysal, et al. (2007) described that the free radicals are known to be involved in lipid 
peroxidation as well as DNA and sperm membrane damages which may lead to decreased sperm 
motility or cell death. Hence, in the present study the lower percent DNA damage in the glutathione 
added semen might be a beneficial factor in avoiding the process of damage and reduce generation 
of ROS which would otherwise have negatively affected the fertilization rate as evidenced from 
field fertility trial.  
 Słowińska et al. (2008) observed that cryopreservation caused a significant but low (3.8%) 
decrease in the percentage of DNA in the comet head and an increase (5.3%) in the tail length. This 
indicates that in addition to motility and viability, low levels of DNA fragmentation after 
cryopreservation is a characteristic of bull spermatozoa and can be a part of remarkable 
cryoresistance of bull spermatozoa by glutathione through the action of sulpha-hydryl group. There 
N
at
ur
e 
Pr
ec
ed
in
gs
 : 
do
i:1
0.
10
38
/n
pr
e.
20
12
.6
99
8.
1 
: P
os
te
d 
18
 M
ar
 2
01
2
94 
 
is also beneficial effect of glutathione through protection of DNA integrity maintenance in sperm 
cells by the action of its anti-oxidant property and also the content of cysteine to aid into the 
synthesis of protamine that might be responsible for prevention of DNA fragmentation in sperm 
cells. 
 Cotran et al. (1989) observed that toxic oxygen metabolite is emerging as a final common 
path way of cell injury as well as cellular ageing. So the anti-oxidant enzymes like glutathione 
peroxidase destroy the free radicals if there is damage to the cell membrane by lipid peroxidation. 
Hence, the role of glutathione can not be undermined in augmenting the role of scavenging reactive 
oxygen, intermediate and other free radicals such as H2O2 with help of glutathione reductase. 
Therefore it was quite reasonable to accept that glutathione might protect the spermatozoa 
membrane damage by inhibiting the lipid peroxidation process. This is in accordance with 
observation made by Foote et al. (2002) that spermatozoa are weak anti-oxidant and there by 
undergoes lipid peroxidation in the presence of oxygen. Addition of anti-oxidants like glutathione 
might have beneficial effect on sperm particularly in media, devoid of macromolecule for several 
hours. This beneficial effect during pre-freezing process might have some beneficial carryover 
effect on sperm through evaluation of sperm motility, abnormality and other semen analysis. 
Lipid Peroxidation (LPO) 
 During preservation or cryopreservation the semen is exposed to cold shock at atmospheric 
oxygen which in turn increases the susceptibility to lipid peroxidation due to higher production of 
reactive oxygen species. Thus, it induces ageing of sperm thereby reduces the life span and affects 
the preservation of semen for AI with poor success rate. The lipid peroxidation occurring in seminal 
plasma and spermatozoa can effectively be measured by MDA concentration. 
 The present investigation revealed that the MDA production (nmol/108 sperms) was 
estimated to be lower in group III ((2.17 ± 0.82) while increasing to (2.60 ± 0.76) in group II and 
(2.73 ± 0.85) in group I. The difference in the concentration was found to be non-significant in all 
the groups in good freezable bull semen. The corresponding value in poor freezable bull semen was 
observed to be 3.17±1.34, 3.50±1.42 and 3.68±1.65 respectively. From the present study it was 
evident that through the production of MDA increased from group III to group I, the difference was 
non- significant. Numerically, group III bull semen, where glutathione was added during the semen 
extension, the production of MDA was lowest. This is indicative of the better action exerted by anti-
oxidants like glutathione where the lipid peroxidation free radicles like H2O2, super oxide anion, 
and hydroxy radicals have been combated leading to prevention of structural damage of sperm 
membrane during freezing and thawing process. Thus, glutathione might have played an important 
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role in inhibiting the detrimental effect of lipid peroxidation. So the process of anaerobic glycolysis, 
and synthesis of DNA, RNA and protein synthesis would have functioned better in the glutathione 
added group as compared to control group.    
  Mitochondrial membrane potential (MMP) 
 The mitochondria of the sperm play an important role in energy production for migration in 
the form of ATP. The mitochondria are also made up of membrane and other cellular structure and 
also suffer from all effects produced by the lipid peroxides. Mitochondria are the major organelles 
for the production of adenosine triphosphate (ATP) which is very important for maintaining 
flagellar movement for a long period of time. This is required for sperm to reach the site of 
fertilization (Bartoov et al., 1980). So measurement of mitochondrial membrane potential gives an 
idea about the fertility status of the sperm indirectly. Motile sperm stained with JC-1 appeared 
orange in the mid-piece indicating a high mitochondrial membrane potential whereas immotile 
sperm with a low membrane potential stained green. The percentage of spermatozoa staining orange 
was highly correlated with expected sperm viability (Curtis et al., 2000). 
 The high mitochondrial membrane potential was correlated with fertility as compared to 
reactive oxygen species production, DNA fragmentation and viability (Marchetti et al., 2002).  
 Motility is currently the most commonly used method to evaluate sperm quality in 
commercial bull stations. At best it is an indicator or an indirect measure of metabolic activity and 
cell viability which indirectly depend upon the MMP (Hallap et al., 2005). 
 In the present investigation the semen of good and poor freezer which was treated with 
cysteine and glutathione recorded better results as compared to the control group. The analysis of 
variance revealed no significant difference between the treatment group and control group, which 
coroborate with the findings of Gadea et al. (2005), who also reported that when the MMP increases 
the motility parameters and fertility potential also increases. Chen et al. (1989) also reported that a 
change in MMP is a good indicator of sperm functional status. 
 The formation of aggregates depends on the chemical environment of dye concentration, 
pH, ionic strength, and temperature. Fluorescent mitochondria may not have been the sole indicator 
of sperm motility. Thus, it may be possible that mitochondrial fluorescence quenched or failed to 
fluoresce at very low levels while the spermatozoa continued to exhibit relatively slower 
progressive motility. This biological significance of the proportions of aggregates and monomers in 
spermatozoa remains to be resolved. 
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 Mitochondrial Membrane Potential is widely used for characterization of cellular 
metabolism, viability and apoptosis in various cellular models. Wang et al. (2003) found a 
correlation between poor sperm mitochondrial function and diminished motility and reduced 
fertility in humans. It has been suggested that mitochondria, acrosome and plasmalemma of 
unfrozen spermatozoa vary in their response to the addition of the cryoprotectant glycerol (Garner 
et al., 1999). 
 Comparison of sperm mitochondrial transmembrane electric potential as reflected by 
gradient of red-orange to green fluoresces, from extended semen with glycerol and additives like 
cysteine and glutathione showed a shift from high to low transmembrane electrical potential. The 
non-significant difference obtained in the good and poor freezable crossbred Jersey bull semen with 
or without additives might suggest that glycerol though appeared to provide a protective effect to 
the acrosomal membrane but has got no overall effect on the plasma membrane (Garner et al., 
1999) 
Incubation Test  
 Artificial insemination is an important tool to improve the genetic gain of the progeny which 
indirectly related to the production process of cow. In AI the frozen semen is usually deposited 
either in the mid cervix or body of uterus and the sperm will take time to reach the fertilization site 
(ampulla isthmus junction). In the incubation test, the spermatozoa movement is measured on the 
basis of forward progressive motility (FPM), non-progressive motility (NPM), total motility and 
static sperms by CASA technique. 
 Various motility parameters at different hour storage assessed in good and poor freezer bulls 
(Table 5) revealed a significant difference (p < 0.05) at 0 hour with respect to forward progressive 
motility per cent. On the contrary other motility parameters like non-progressive motility, total 
motility and total static sperm percent did not record any significant difference. Perusal of 1 hr 
incubation values between good and poor freezer showed a highly significant difference (p< 0.01) 
with respect to forward progressive motility and non-progressive motility. However following 2 
hours and 4 hours incubation forward progressive motility differed significantly between good and 
poor freezer on both occasion of incubation. The total motility percent was significantly higher (p < 
0.05) in good freezing bulls when compared to its counterpart. Similarly static sperm per cent 
showed a significantly higher value (p < 0.01) in poor freezing bull as compared to good freezer. 
 Forward progressive motility of spermatozoa is a vital index which is essential during 
cervical transportation, sojourn through fallopian tube, migration from sperm reservoir and oocyte 
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penetration (Hafez, 1987). However, the other indices pertaining to velocity may not be pertinent 
for accomplishment of such physiological events. In routine semen analysis, microscopic account of 
straight forward progressive motility is considered to be an important criterion for semen evaluation 
which is more or less comprehensively assessed for the physiological characterstics of the 
spermatozoa (Salisbury et al., 1985). A positive correlation between forward progressive motility 
value with prospective pregnancy have been suggested which has a significant bearing for judging 
the fertility potential of the male (Maule, 1962). 
Effects of additives on sperm motility (CASA) 
 The effects of various semen additives in good and poor freezer bull semen have been 
analyzed with respect to various motility parameters such as progressive forward motility, non 
progressive motility, total motility and total static sperms. The post thaw progressive forward 
motility at 0 hours of storage in good and poor freezer bull semen were 69.17 ± 4.96,57.08 ± 
5.32;69.76 ± 3.23,55.04 ± 4.76 and 71.47 ±  8.40,58. 02 ± 4.13, respectively in control (group I), 
cysteine (group II) and glutathione (group III) added semen (Table 6).Comparison of progressive 
forward motility and total motility values in various experimental groups showed significantly 
higher value. In cysteine added semen with respect to forward progressive motility and total 
motility no much difference could be found for group I and group III at 0 hrs of incubation (Table 
6). After 1 hour of storage the corresponding values were 65.38 ± 4.04, 51.03 ± 7.09; 66.43 ± 7.21, 
44.14 ± 7.75 and 66.05 ± 1.05 and 53.10 ± 3.99 in group I, II and group III respectively. 
Maintaining a similar trend the cysteine hydrochloride added group (group II) also registered a 
significantly higher value (p < 0.05) for forward and total motility and the same combinations in 
group I and group III did not project any significant difference. 
 Following 2 hours incubation, the progressive forward motility were 52.86 ± 6.20 and 43.77 
± 4.73 in group I, 49.13 ± 7.14 and 46.63 ± 4.25 in group II and 60.38 ± 6.62 and 41.24 ± 5.90 in 
group III for good and poor freezer bull semen. While comparison of good and poor freezing 
semen, it was revealed that the forward progressive motility and total motility values were 
significantly higher (p < 0.05) between good and poor freezer bulls. However no significant 
difference could be measured in group I and Group II treatment for these parameters. 
 The progressive forward motility values for good and poor freezing bulls were 39.98 ± 1.06, 
25.09 ± 3.99; 42.96 ± 5.60, 29.77 ± 3.69 and 46.98 ± 8.87 and 30.79 ± 1.09 in group I, group II and 
group III, respectively. In control group (group I) the forward progressive motility and total motility 
values were significantly higher (p < 0.05) in good freezing bull semen compared to their poor 
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freezing counter part. On the other hand no such difference was discernable in group II and group 
III for such parameters following 4 hours of incubation. 
 Perusal of incubation data between various groups revealed, consistently higher value at 
different hours of storage time with respect to progressive forward motility and this implied that 
glutathione might have played a critical role to augment intracellular defense mechanism against 
oxidative stress, protecting from the hazards of ice crystals formation during ultra low storage. This 
might have contributed for maintaining better progressive forward motility during incubation at 
different hours. This has been amply corroborated by earlier workers (Macleod and Irvine, 1995) 
suggesting improvement in seminal characterstics. Although much difference in motility parameters 
could not be accounted between group I and group II for these parameters, but, the cysteine added 
group showed numerically higher values at 4 hours of storage. In contradiction to this fact many 
observers have reported better seminal traits with incorporation of cysteine in comparison to routine 
tris diluent (Alexei et al. 2005). However no such credible difference could be visualized between 
control and cysteine hydrochloride added group and both performed reasonably for these 
parameters at ultra low preservation. 
Computer Assisted Semen Analysis of post thaw mobility parameters 
 The sperm mobility phenotype can be attributed to specific sperm velocity parameters of 
individual sperm as determined by CASA. The motion parameters VSL, LIN and BCF contribute to 
the overall sperm mobility phenotype in bulls, as these were all significantly correlated with sperm 
mobility. In the present experiment various types of sperm mobility representing Curvilinear 
Velocity (VCL), Straight line Velocity (VSL), Average path Velocity (VAP), Linearity (LIN), 
Straightness (STR), Wobble (WOB), Amplitude of Lateral Head displacement (ALH), Beat/Cross 
Frequency (BCF) and others have been displayed in Table 7. The parameters VSL, VAP, VCL, 
LIN, and BCF were also significantly higher for the males classified as high mobility as compared 
with the low-mobility males. The parameter LIN is a measure of linearity, and the BCF motion 
parameter indicates the number of times the sperm track crosses the smoothed path, both of which 
indicate linear progression. Thus, high-mobility sperm swim faster and straighter than did low-
mobility sperm. This may be biologically significant because the sperm mobility phenotype, on the 
basis of research with whole ejaculates, is predictive of fertility (Froman and Feltmann, 1998 and 
Froman et al, 1999). 
 At 0 hour incubation in group III both good and poor freezer showed higher value with 
respect to VCL. The VSL and VAP values were almost similar in group I and group III. The 
linearity value was above 66 percent in all groups. In group II and III the BCF values was slightly 
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higher than the control group. After 1 hour of incubation group II (cysteine hydrochloride) of good 
freezer was reflecting superior to all other groups with respect to VCL, VSL and VAP. The linearity 
values also shared a similar trend in good and poor freezable semen. Consequent to 2 hours 
incubation, the group III fared better compared to group I and group II with respect to different 
types of velocity parameters. The linearity value was above 60 per cent in all groups except poor 
freezable semen of group II. The BCF more or less projected a similar value in all the groups. At 
the end of 4 hours incubation, the glutathione added group (group III) of both good and poor 
freezing semen showed consistently higher value in all the velocity parameters compared to their 
respective counter part in group I and group III. However cysteine added group had a slight edge 
over group I with respect to both good and poor freezable bull semen. The linearity per cent was 
highest in group II with respect to good freezer. The BCF remained almost within a similar value. 
 The present data on motility parameters revealed that the glutathione added group reflected 
a comparatively higher value consequent to 2 hours and 4 hours incubation in good freezable bulls 
compared to group I and group II. Similarly in poor freezable bulls’ semen of group III also fared 
better against their group I and II. Following 4 hours of incubation in the group II, both good and 
poor freezers showed higher value corresponding to the group I.  
 Recent findings suggested that assessment of motile spermatozoa in a semen sample may 
not be considered as a reliable index for semen evaluation. The objective and quantitative 
measurement of other sperm motion characterstics derived from observations of individual cells 
assessed by CASA have been found to be more efficient in predicting semen sample’s potential 
fertility (Mortimer, 1994). In addition to the use of computerized technique to predict semen 
fertility, CASA can be an useful tool to study the effects of various in-vitro procedures on sperm 
motility as well as phenomenon of sperm hyperactivation (Farrell et al. 1993). 
Conception Rate 
 The conception rate obtained from field fertility trial revealed the highest conception rate of 
72.00 per cent  in glutathione added semen (group  III) followed by cysteine 60 per cent  ( group II) 
and 51 per cent ( group  I) out of 51 , 41 and 29 animals served artificially by good freezable bull 
semen. The corresponding values for pregnancy in poor freezable semen were 59 (28), 56 (25) and 
48 (24) per cent out of 47, 44 and 50 inseminations. The overall conception rate in different additive 
groups revealed a highest value of 66 percent (65) and lowest value of 49 per cent (39) from 98 and 
79 animals bred artificially. The cysteine added group established a pregnancy of 58 percent (50) 
from 85 inseminations. The chi-square value did not reveal any significant difference between 
various experimental groups irrespective of quality of semen used. 
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 The overall value of conception rate in group III was highest and both good and poor 
freezable bull semen fared better than their respective counter part in group I and group II. 
However, the cysteine added group showed better conception rate in both good and poor freezer 
than their reciprocal groups in controls. 
 From various studies, glutathione proved to have a better protective value in containing the 
various hazards of sperm damage during extension and consequent preservation by refrigeration and 
ultralow temperature (Joaquı et al. 2007). Earlier studies suggested that addition of glutathione 
improves the number of viable spermatozoa, reduction in ROS generation, lower chromatin 
condensation, DNA fragmentation, higher oocyte penetration along with improvement in in-vitro 
embryo production compared to control group (Joaquı et al.  2007).The non significant increase in 
pregnancy rate in glutathione compared to other treatment groups has all beneficial effect of 
glutathione as a semen additive. 
 Addition of cysteine hydrochloride both in good and poor freezable semen also proved to be 
better than control group. Cysteine is an essential sulphur containing amino acid, which is proved to 
be a membrane stabilizing agent and ameliorates the metabolic by product like H2O2 of 
spermatozoa during sperm motility. Besides resolving intra cellular damage, the moderate 
improvement in the conception rate against control group may endorse to the fact cited above. 
However the computer analysis of post thaw frozen semen suggested that mobility and velocity 
parameters showed better rating in glutathione and cysteine added semen, which also indirectly 
implied fertility in-vitro. 
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SUMMARY 
 The present experiment was under taken in the Department of Animal Reproduction, 
Gynaecology and Obstetrics, College of Veterinary Science and Animal Husbandry, Bhubaneswar 
in collaboration with Frozen Semen Bank, Cuttack. The objective of the study was to determine the 
efficacy of   Cysteine Hydrochloride and Glutathione as additives in routine   frozen semen extender 
(EYTG) at the rate of 5 mM.  
 Various seminal traits i.e. volume, mass activity, individual motility, sperm concentration, 
total sperm abnormality, loss of acrosomal integrity and HOST were analyzed in extended semen 
containing cysteine (group II), or glutathione (group III) with routine control (group I). Post thaw 
seminal attributes relating to motility, livability, total sperm abnormality, loss of acrosomal 
integrity, cervical mucus penetration test, estimation of MDA concentration, hypo-osmotic swelling 
positive sperm per cent and mitochondrial membrane potential DNA fragmentation test were 
assessed in various experimental groups. Conception rate of various experimental groups were 
evaluated on the basis of field fertility trial.  
 Six ejaculates of each good and poor freezable crossbred bull were collected. The average 
volume was 6.40 ± 0.41 ml and 5.20 ± 0.36 ml respectively in good and poor freezable crossbred 
bull. The mass activity of good and poor freezable cross bred bulls was more or less similar with 
figures of 2.50 ± 0.13 and 2.40 ± 0.13, respectively. The average sperm concentration (X 106) per 
ml was 1240.26 ±82.77 and 1007.53 ±50.28 in good and poor freezable crossbred bull semen 
respectively. The corresponding values for motility percent were 77.13± 0.60 and 75.33± 0.77 
respectively. On an average, the live sperm per cent was more than 85% for both good and poor 
freezable semen. The per cent of total abnormal sperm was 6.33 ±0.19 and 9.39 ± 0.27 respectively 
in good and poor freezable bulls. The loss of acrosomal integrity per cent was higher (12.73 ±1.12) 
in poor and lower (6.46 ± 0.90) in good freezable bulls. The hypo-osmotic swelling positive 
spermatozoa per cent was higher (85.78 ±0.42) in good and lower (80.38 ±0.32)   in poor freezable 
bulls. The seminal parameters like individual motility, live sperm percent, total sperm abnormality, 
loss of acrosomal integrity and HOST showed highly significant difference (p < 0.01) between the 
groups. The other parameters like volume and sperm concentration also differed significantly (p < 
0.05).   
 The individual motility of post freeze semen showed more than 50% overall value 
irrespective of extender used, for all the experimental bulls. The good freezable crossbred bull had 
showed higher motility percent than poor freezable crossbred bulls, irrespective of additives used. 
But the glutathione added group showed highest motility of 74.12 ± 0.39 and it was lowest (61.83 ± 
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0.48) in cysteine hydrochloride added semen in good freezable bulls. Similarly the glutathione 
extended semen also showed same trend in poor freezable bull (66.83 ±0.42). The overall average 
motility per cent of group I, II and III were also more than 50%. Comparison of individual motility 
value in experimental groups recorded highly significant difference (p < 0.01) among three groups 
for both the good and poor freezable crossbred bulls.  
 The post freeze live sperm percent was observed in glutathione (group III) and cysteine 
(group II) treated group of good freezer with the value of 76.28 ± 0.37 and 70.85 ± 0.32   while in 
control group (group I), it was 63.09 ± 0.37. In the poor freezer, it was 69.32 ± 0.35, 60.92 ± 0.89 
and 54.32 ± 0.24, respectively.  Analysis of variance revealed a high significant difference (p < 
0.01) in treatment and control groups in both good and poor freezable semen. 
 The total sperm abnormality percent in good freezer revealed almost similar value for group 
III (9.45 ± 0.94) followed by group II (11.42 ± 0.79) and group I (13.18 ± 1.41). The similar trend 
was found in poor freezer with a value of 14.26 ±   0.18, 15.87 ± 0.26 and 18.06 ± 0.18 respectively 
while both the classes showed highly significant difference (p < 0.01) among groups. 
 The loss of acrosomal integrity for group III was 8.44 ± 0.63 and 13.01 ± 0.60 for good and 
poor freezer respectively, which was significantly different (p < 0.01) from rest of the groups in 
respective category. On the contrary, group II and group I value did not differ significantly. 
 The post thaw value of HOST per cent in good freezer bulls was 65.74 ± 0.77, 70.47 ± 0.35 
and 81.19 ± 0.30 in groups I, II and III respectively. The corresponding values for poor freezable 
bulls were 57.03 ± 0.32, 57.65 ±0.47 and 71.29 ± 0.26, respectively.  Exhibition of highly 
significant difference (p < 0.01) was observed among groups in both good and poor freezers. The 
glutathione added group showed significantly higher rating for HOST with respect to freezing type. 
 The vanguard distance (mm) travelled by the sperm in bovine cervical mucus after thawing 
was higher in glutathione treated group than the other group in both good (31.16 ± 1.09) and poor 
(25.44 ± 1.35) freezable crossbred bulls. The cysteine hydrochloride treated group revealed second 
highest value next to the former in both good (27.76 ± 0.98) and poor (23.35 ± 1.18) freezable bulls. 
The control untreated group recorded lowest value (25.84 ± 1.35 and 20.24 ± 1.09) as compared to 
former groups. 
 DNA fragmentation of post thawed semen revealed that untreated control (10.77 ± 0.67 and 
24.70 ± 1.16) group had higher percent of fragmentation in both good and poor freezer as compared 
to   cysteine   ( 8.83 ± 1.13 and 16.42 ± 2.19) and glutathione (6.94 ± 1.28 and 9.98 ± 1.17) treated 
groups. 
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 The MDA production (nmol/108 sperms) of post thaw semen in group III (2.17 ± 0.82 and 
3.17 ± 1.34) had lower value in both good and poor freezable crossbred bull as compared to group 
II (2.60 ± 0.76 and 3.50 ± 1.42)   and control (2.73 ± 0.85 and 3.68 ± 1.65). 
 The percent of mitochondrial membrane potential positive sperm of post thaw semen 
revealed that glutathione (29.78 ± 0.98  and 27.55 ± 1.64) treated group had higher value in both 
good  and poor freezable crossbred bull as compared to cysteine (28.63 ± 3.08 and 26.11 ± 2.96) 
treated and control  (26.11 ± 3.27 and 25.93 ± 1.60 ). 
 Assessment of motility at different hours of incubation in good and poor freezable crossbred 
bull semen by CASA revealed that the forward progressive motility was higher in good freezer 
from zero to four hours of incubation than poor freezer. Analysis of variance has also revealed that 
highly significant difference (p < 0.01) existing at 1st hour and significance difference   at 0, 2 and 4 
hours of incubation. With regards to non- progressive motility the poor freezer found showing value 
similar to good freezer at all hours of incubation. Analysis of variance had revealed that highly 
significant (p < 0.01) difference is existing at 1st hour and no significance difference   at 0, 2 and 4 
hours of incubation. Assessment of total motility has also behaved like forward progressive 
motility. The good freezer has higher value as compared to poor freezer at all hours of incubation 
period. Analysis of variance had revealed significance difference (p < 0.05)   at 4th hour and no 
significance difference   at 0, 1 and 2 hours of incubation. As compared to different hours of 
incubation, the forward progressive motility and total motility have been lowered from 0 hours to 4 
hours, but the non- progressive motility and static sperm percent were found increasing gradually 
from 0 hours to 4 hours of incubation.  
 Comparison of motility between control and treatment groups at different hours of 
incubation has revealed that the forward progressive motility, non – progressive motility and total 
motility was higher in glutathione treated group at different hours of incubation period than cysteine 
treated and untreated control group. Contrastingly the total static sperm percent was higher in 
control group than either of glutathione or cysteine treated group. Analysis of variance revealed that 
the forward progressive motility, non – progressive motility and total motility were showing highly 
significant difference (p < 0.01) at 1 hour incubation period and there was no significant difference   
at 0, 2 and 4 hours incubation periods. Total static sperms were not showing any significant 
difference at different hours of incubation. 
 Computer assisted semen analysis (CASA) of some post-thaw seminal characteristics in 
control and treatment groups at different hours of incubation has revealed that the CASA 
parameters like curvilinear velocity, straight line velocity, average path velocity, linearity, 
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straightness, wobble, amplitude of lateral head displacement and beat/cross frequency were higher 
in good freezer as compared to poor freezer at different hours of incubation and glutathione  have 
higher value than other treatment and control groups in both the good and poor freezable crossbred 
bulls at different hours of incubation. 
 Analysis of variance of the different CASA parameters revealed that there was no 
significant difference between the experimental groups at different hours of incubation except 
curvilinear velocity and amplitude of lateral head displacement at 0 hours, which was  showing 
highly significant difference (p < 0.01). 
 The post insemination conception rate in various semen additives showed that the 
glutathione treated extender has registered highest no. of pregnancies to the tune of 72.00% and 
59.00% respectively in good and poor freezable crossbred bulls out of 51 and 47 artificial 
inseminations. Similarly the overall pregnancy rate was 60.00% and 56.00 % in cysteine added 
frozen semen, out of 41 and 44 artificial breeding. The lowest value of 51.00% and 48.00% was 
observed in control group where no additives were used in a routine frozen semen extender 
(EYTG). The glutathione treated group recorded a highest conception rate of 66.00% and it was 
lowest (49.00%) for control untreated group. Comparison of conception rate between experimental 
groups revealed no significant difference by chi-square analysis. Similarly the pregnancy 
percentages registered by each bull did not differ significantly and the overall value between 
applications also was not significant, but glutathione had higher percentage of pregnancy.  
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CONCLUSION 
 The present investigation was undertaken with a view to assess the routine seminal traits and 
motility by computer assisted semen analysis in relationship to conception rate from both good and 
poor freezable crossbred Jersey bulls semen, consequent to addition of cysteine and glutathione. 
The salient findings from the investigation were highlighted as below 
 The routine semen analysis revealed significant difference in various seminal attributes 
between good and poor freezable bull semen. 
 Motility, livability, total sperm abnormality, loss of acrosomal integrity, percent of HOS 
positive sperm and cervical mucus penetration test (mm/ hour) were significantly different in 
various experimental group exhibiting significantly higher values in glutathione added extender (Gr 
III) with respect to various seminal attributes. 
 Percentages of DNA fragmentation recorded a highly significant difference between Gr I 
(control) and Gr III (glutathione). 
 Computer assisted sperm analysis indicated no significant difference between good and poor 
freezable crossbred bull’s semen with respect to forward progressive motility at different hours of 
incubation from 0 to 4 hours. 
 Comparison of addition of glutathione and cysteine revealed a non significant higher value 
with respect to progressive forward motility and total motility following 2 hours and 4 hours of 
incubation indicating better mobility in additive groups compared to control. 
 The various mobility patterns with respect to VCL, VSL, VAP, LIN and BCF were 
demonstrated to be higher in group III and group II in comparison to the control group consequent 
to 2 hours of incubation and above. 
 The field fertility trials revealed highest pregnancy rate in glutathione added group semen 
followed by cysteine and control in both good and poor freezable semen indicating beneficial effect 
of the additives in long term storage of semen. 
 From the above observation, the use of glutathione and cysteine hcl as semen additives may 
be recommended for overall augmentation of pregnancy in cows. However, authentication of these 
additives in semen may be validated by experimenting in a larger population. 
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